C py for the Elected Office (EOAJS) 
P/n l ENT COOPERATION TREA . . 



PCT/USOO/16486 



From the INTERNATIONAL BUREAU 



PCT 



NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 



Date of mailing (day/month/year) 

27juillet2001 (27.07.01) 



Applicant's or agent* s file reference 
6056-268 PC 



International application Na 
PCT/USOO/16486 



To: 



MONACO, Daniel, A. 
Drinker Biddle & Reath LLP 
One Logan Square 
18th and Cherry Streets 
Philadelphia, PA 19103-6996 
ETATS-UNIS D'AMERIQUE 



IMPORTANT NOTIFICATION 



International filing date (day/month/year) 
ISjuin 2000(15.06.00) 





1. The foUowing indications appeared on record concerning: 
[~~[ the applicant Q the inventor X the agent Q the common representative 


Name and Address 

MONACO, Daniel, A. 

Seidel, Gonda, Lavorgna 8i Monaco, 

P.C. 

Suite 1800 

Two Penn Center Plaza 
Philadelphia, PA 19102 
United States of America 


State of Nationality 




Telephone No. 
(215)568-8383 


Facsimile No. 

(215) 568-5549 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concernmg: 
Q the person Q the name [x\ the address Q the nationality Q the residence 


Name and Address 

MONACO, Daniel, A, 
Drinker Biddle & Reath LLP 
One Logan Square 
18th and Cherry Streets 
Philadelphia, PA 19103-6996 
United States of America 


State of Nationality 




Telephone No. 
(215) 988-3312 


Facsimile No. 

(215) 988-2757 


Teleprinter No. 



3. Further observations, if necessary: 

Change in agent's address. 



4. A copy of this notification has been sent to: 

I X I the re c eiving Office ^ 

I [ the International Searching Authority 

[x] the International Pretiminary Examining Authority 



Px] the designated Offices concerned 
pX] the elected Offices concerned 
I I other: 



The International Bureau of WlPO 
34, chemin des Colombettes 
121 1 Geneva 20, Swilzerland 



Facsimile No.: (41-22) 740.14.35 



Authorized officer 

H. Zhou 

Telephone No.: (41-22)338.83.38 



Form PCT/18/306 (March 1994) 



004179012 



" PCT/US00/1648e 

PATENT COOPERATION TREAT Y 





From the INTERNATIONAL BUREAU 


PCT 


To: 


NOTIFICATION OF ELECTION 
{PCT Rule 61.2) 


Commissioner 

US Department of Commerce 

1 irtitoH Qtatoc Patont anri Tmripmarlc 
UnilcU oXdlco rdityiH aiiu i laucinaiiv 

Office, PCT 

2011 South Clark Place Room 

CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in Its capacity as elected Office 


Date of mailing {day/month/year) 
05 July 2001 (05.07.01) 


International application No. 
PCT/USOO/16486 


Applicanf s or agenf s file reference 

6056-268 PC 


International filing date (day/month/year) 
15 June 2000(15,06.00) 


Priority date (day/month/year) 

16 June 1999(16.06.99) 


Applicant 




REDDY, E., Premkumar et a! 




1. The designated Office is hereby notified of its election made: 


[3<] in the demand filed with the International Preliminary Examining Authority on: 


11 January 2001 (11.01.01) 


1 1 in a notice effecting later election filed with the International Bureau on: 


2. The election | X| was 




1 1 was not 




made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 




The International Bureau of WlPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 

Facsimile No.: (41-22) 740.14.35 


Authorized officer 

H. Zhou 

Telephone No.: (41-22) 338.83.38 


Form PCT/IB/331 (July 1992) 


US0016486 



PATENT COOPERATION TREATY | ' Z 3 SEP 2001 



PCX 



PCT 



INTERNATIONAL PRELEVONARY EXAMINATION REPORT 
(PCT Arude 36 and Rule 70) 



Applicant's or agent's file reference 
6056-S68 PC 


FOR FURTHER ACTION See Notification of Transmittal of International 

Preliminary Examination Report (Form 


International application No. 

PCT/USOO/16486 


International filing date (day/month/year) 
IS JUNE 2000 


Priority date (day/month/year) 
16 JUNE 1999 


International Patent Oassification (IPC) or national classiH cation and IPC 
IPC(7> ClSQ 1/96. l/«8; Cl2N 9/00, 9/02 and US CI.: 435/7.2, 7.21. 25, 28. ISS 


, 189 


Applicant 

TEMPLE UNIVERSITY- OF THE COMMONWEALTH SYSTEM OF HIGHER EDUCATION 



1. This mtemational pieliminary examination report has been prepared by this International Preliminary 
Examining Authority and is transmitted \i the applicant according to Article 36. 

2. This REPORT consists of a total of ^ sheets, 

I I ™s report is also accompanied by ANNEXES, ia, sheets of the description, claims andbr drawing which have 
been amended and are the basis for this report andbr sheets containing rectifications made before this Authority, 
(see Rule 70.16 and Section 607 of^tSeUdministrative Instructions under the PCT). 

These annexes consist of a total of ^^^ heets. 



3. This report contains Indications relating to the following items: 
I Basis of the report 

n 1^ Priority 

m Q Non-cstahlishment of report with regard to novelty, inventive step or industrial applicability 

IV Lack of unity of invention 

V [x] Beasoned statement under Article 35(2) witJi regard to novelt>s inventive step or industrial applicabilitr 

citations and explanations supporting such statement ' 

VI I I Certain documents cited 
vn □ Certain defects in the intematioDal applicatioD 
Vm Certain observations on the international application 



Date of submission of the demand 
11 JANUARY SOOl 


Date .of completion of this report _ 
14 AUGUST 2001 


Name and mailing address of the IPEA/US 

Conunistoner of P&lento and TradenivkB 
Bo&PCT 

WfliUiington. D.a 00231 
Facsimile No. (703) 305-SfiSO 


nia;Cjunath RAO ^ "Is 

Telephone No. (705) SOS -0 1 96 ( 



Form PCT/IPEA/-t09 (covei sheet) (July 1998)* 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/USOO/16486 



L Basis of the report 



1. With regard to the etemcnts of the intcmationa] application:* 
fx] tutemational application as originally filed 





Dases 


1-22 


. as originallv filed 




paaes 


NONE 


. filed with the demand 




oases 


NONE 


, filed with the letter of 




the claims: 






pages 


23-25 


. as originallv filed 




Daces 


NONE 


. as amended ftogether with anv sratprnt^nt) iinH^r Artirl^ ]Q 




Daces 


NONE 


- filed with the demand 




Daces 


NONE 


. filed with the letter of 


m 


the drawings: 


1-7 






paces 


. as originallv filed 




Daces 


NONE 


. filed with the demand 




Daces 


NONE 


. filed with the letter of 



fx] the sequence listing part of the description: 

pages Izz 

pages NONE 

pages NONE 



, as originally filed 

, filed with the demand 



, filed with the letter of . 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of inlemational preliminary examination (under Rules 55 2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained in the international application in printed form. 
fx] filed together with the international application in computer readable form. 
I I furnished subsequently to this Authority in written form. 
[ I furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go bevond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the wrilen sequence listina has 
* — ' been furnished. ^ ^ 

4. E amendments have resulted in the cancellation of: 

EH] the description, paces NONE 

0 the claims. Nos. NONE 

0 the drawings, sheets/ftg NONE 



5 This report has been drawn as if (some oO the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been jumished to the receiving Office in response to an invitation under Article 14 are referred to 

in this report as 'originally filed ' and are not annexed to this report since they do not contain amendments (Rules 70.16 

and 70,17). 

♦Mm' replacement sheet containing such amendments mtat be referred lo under item 1 and annexed to this report. 



Form PCT/IPEA/409 (Box I) (July 1998)* 



INTEBNATTONAL PBEmnNARY EXA^nNATION REPORT 



International application No. 
PCT/USOO/ 16486 



V. Reasoned statement under Article 35(2) with regard to n velty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. statement 

Novelty (N) Claiiiis g-»4 YES 

Claims J \ NO 

Inventive Step (IS) Claims NONE YES 

Claims ii?* NO 

Industrial AppUcability (lA) Claims }z}± [ YES 

Claims NONE 



2. citations and explanations (Rule 70.7) 

Claim 1 lacks novelty under PCT Article SS(S) as being anticipated by Brideau ec al. 

Oaim 1 is drawn to a method of screening a test substance for COX-2 inhibitory activity comprising contacting the test 
substance with indicator cells which constitutively express endogenous COX-2 or inducibly express endogenous COX-2 and 
determining the level of proliferation of the indicator cells or by determining one or more prostaglandins in the presence and 
absence of test substance or determining the production of arachidonic acid. Brideau et al. disclose an identical assay to evaluate 
or screen an inhibitor for COX-2 which involves the determination of the prostaglandins in the presence and absence of the 
inhibitory agent (see page 69, Materials and Methods and page 70 and figures 2-4). Therefore Brideau et al. anticipate claim 
1 as written. 

Claims 1-14 lack an inventive step under PCT Article 33(5) as being obvious over Xu et al. in view of Brideau et al. Claims 
1-14- are drawn to methods of screening a test substance for COX-2 inhibitory activity comprising l)contacting the test 
substance with indicator cells which constitutively express endogenous COX-2 or inducibly express endogenous COX-2 and 
determining the level of proliferation of the indicator cells or by determining one or more prostaglandins in the presence 
and absence of test substance or determining the production of arachidonic acid (claim I) or 2)a method of screening a test 
substance for COX-2 inhibitory activity comprising contacting the test substance with indicator cells which express a 
GTPase-deficient mutant of the alpha-subunit of protein Gl2, which mutant .ilpha-subunit has the capacity to induce the 
production of arachidonic acid and determining the level of proliferation of the indicator cells (claim 2) or 3)a method of 
screening a test substance for COX-2 inhibitory activity comprising contacting the test substance with indicator cells which 
express a GTPase-deficient mutant of the alpha-subunit of protein Gl2, which mutant alpha-subunit has the capacity to 
induce the production of arachidonic acid and determining the level of one or more prostaglandins produced by (Continued 
on Supplemental Sheet.) 



Form PCT/ 1 PEA/409 (Box V) (July I99S)* 



INTERNATIONAL PRELI>nNARY EXAMINATION REPORT 



Incernacional application No. 
PCT/USOO/ 16486 



Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation oft Boxes I - Vm Sheet 10 

V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 

the indicator cells (claim 6) or 4) a method of screening a test substance for COX-2 inhibitory activity comprising contacting 
the test substance with indicator ceUs which express a GTPase-deficient mutant of the alpha-subunit of protein G12, which 
mutant alpha-subunit has the capacity to induce the production of arachidonic acid and determining the level of arachidonic 
acid produced by the indicator cells (claim 11). 

Brideau et al. disclose an assay to evaluate or screen an inhibitor for C0X*2 which involves the determination of the 
prostaglandins in the presence and absence of the inhibitory agent (see page 69, Materials and Methods and page 70, figures 2- 
4). However, the reference does not teach the existence--of the GTPase-deficient mutant of the alpha-subunit of protein G12, 
which mutant alpha-subunit has the capacity to induce the production of arachidonic acid or the capacity to induce proliferation 
of cells. 

Xu et al. teach a mutant alpha subunit of G12 protein which potentiates the eicosanoid pathway and is highly transforming in 
NIH 3T3 cells (see Introduction page 6741, page 6745, Discussion columns 1 and 2). The reference also teaches that ceils 
transfected with alphal-2-QL exhibited a remarkable increase in release of arachidonic acid in response to serum. The 
reference also teaches that once arachidonic acid is released from phospholipids, it is oxidized by one of three different 
enzymes generating leukothenes, lipoxins or prostaglandins. Thus the above reference teaches that the alpha- 12-QL mutant 
has the capacity to induce proliferation, arachidonic acid and prostaglandins which can be monitored by an assay. 

Thus, combining the references of Brideau et al. and Xu et al. it would have been obvious to one of ordinary skill in 
the art to develop a method of screening a test substance for COX-2 activity. One of ordinary skill in the art would have been 
motivated to do so as Brideau et al. teach that selective COX-2 inhibitors may comprise a new class of therapeutic agents with 
similar anti- inflammatory effects to conventional NSAIDs, but with a substantially improved side effect profile. One of 
ordinary skill in the art would have a reasonable expectation of success since Xu et al. teach a mutant alpha subunit of G12 
protein which potentiates the eicosanoid pathway and is highly transforming in NIH 3T3 cells and Brideau et al. teach assays 
for screening inhibitors of COX-1 and COX-2. Therefore the above invention would have been prima facie obvious to one of 
ordinary skill in the art. 



NEW CITATIONS ™ 

NONE 



Form PCT/IPEA/+09 (Supplemental Box) (July 1995)* 



' PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 




To: DANIEL A. MONACO 

SEIDEL, GONDA, LAVORGNA & MONACO. P.C. 
SUITE 1800 

TWO PENN CENTER PLAZA 
PHILADELPHIA PA 19102 

NOV 2 2 cuou 


PCX- 

NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 


Dale of Mailing . . _ ^ _ 
(day/mnth/ycar) J 7 N Q V 2000 


Applicant's or agent's file reference 
6056-268 PC 


FOR FURTHER ACTION See paragraphs 1 and 4 below 


International application No. 
PCT/USOO/16486 


International filing date 
(day/monlhfyear) 

IS JUNE 2000 


Applicant 

TEMPLE UNIVERSITY- OF THE COMMONWEALTH SYSTEM OF HIGHER EDUCATION 



. 0 The applicant is hereby notified that the international search report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments b normally 2 months from the date of transmittal of the 
international search report; however, for more details, see the notes on the accompanying sheet. 

Where? Directly to the International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 
FacsimUeNo.: (41-22) 740.14.35 

For more detailed instructions, see the notes on the accompanying sheet. 



2. r~1 The ^licant is hereby notified that no international search report will be established and that the declaration under 
I — I Article 17(2)(a) to that effea is transmitted herewith. 

3. With regard to the protest against payment of (an) additional fec(s) under Rule 40.2, the applicant is notified that: 

□ the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 

I I no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 



4. Further action(s): The applicant is reminded of the following: 

Shortly after 18 months from the priority date, the international application will be published by the International Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International Bureau as provided in rules 90 his 1 and 90 his 3, respectively, before the 
completion of the technical preparations for international publication. 

JWithin 19 months fn>m the priority, date,. a.demandJor-international.preliminary examination. rnust be filed if the^pplicant_ 

wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later). 

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase 
before all designated Offices which have not been elected in the demand or in a later election within 19 months from the 
priority date or could not be elected because they are not bound by Chapter II. 



' — N ^ /I 


Name and mailing address of the ISA/US 

Commiuioner of Pateati and Tndantftcs 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703)305-3230 


Authorized offic^ 
MANJUNATH 

Telephone No. 


(703) 308-019 





Form PCT/ISA/220 (July 1998)* (5« notes on acofmpanying sheet) 



PATENT COOPERATION TREATY 

PCX 

INTERNATIONAL SEARCH REPORT 
(PCI Article 18 and Rules 43 and 44) 



AppUcant's or agent's fUc reference 

6056-268 PC 


FOR FURTHER see Notification of Transminal of International Search Report 
ACTION (JPonn PCT/ISA/220) as weU as, where applicable, item 5 below. 


Intemation&l application No. 
PCT/USOO/16486 


international filing date (day/monih/year) 
15 JUNE 2000 


(Earliest) Pnority Date (day/numihfyear) 
16 JUNE 1999 


Applicant 

TEMPLE UNIVERSITY- OF THE COMMONWEALTH SYSTEM OF HIGHER EDUCATION 



This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of sheets. 

I X| It is also accompanied by a copy of each prior art document cited in this report. 



1. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

□ the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international plication, the international search 
was earned out on the basis of the sequence listing: 

I I contained in the international application in written form. 

n filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

I I the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
rn the statement that the infonnation recorded in computer readable form is identical to the written sequence listing has been 

furnished. 

2' I I Certain claims were found unsearchable (See Box I). 

3. Unity of invention is lacking (See Box II). 

4. With regard to the title, 

I x| the text is approved as submitted by the applicant. 

j~| the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

I X| the text is approved as submitted by the applicant. 

I I the text has been establishoi, according to Rule 38.2(b), by This Authority as it' appears iri~ 
Box III. The applicant may, within one month from the date of mailing of this international 
search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 



as suggested by the appUcant. None of the figures, 

because the applicant failed to suggest a figure. 

because this figure better characterizes the invention. 



Form PCT/ISA/210 (first sheet) (July 1998)* 



PATENT COOPERATION TREATY 1,; ; 



From the j 
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY | [ 



To: DANIEL A. MONACO 

SEIDEL, GONDA, LAVORGNA & MONACO, P.C 
SUITE 1800 

TWO PENN CENTER PLAZA 
PHILADELPHIA PA 19109 


p(jJjn':KE?^.BIDDLE&lIhA;:l 

NOTIFICATION OF TRANSMTFTAL OF 
INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCr Rule 7L1) 




Applicant's or agent's file reference 
6056-968 PC 


IMPORTANT NOTIFICATION 


International application No. International Hling date (day/month/year) Pr.ority Date (iUiy/mantn/year) 
PCT/USOO/16486 IS JUNE 9000 16 JUNE 1999 



Applicant 

TEMPLE UNIVERSITY- OF THE COMMONWEALTH SYSTEM OF HIGHER EDUCATION 



The appUcant is hereby notified tiiat this mternational Preliminary Examining Anflioritf transmits hOTewith 
the Sternational preliminary examination report and ite annexes, if any, estahlished on the intemaUonal 

A copy of the report and ite annexes, if any, is being transmitted to the International Boreau for 
communication to all the elected Offices. 

Where required by any of the elected Offices, the International Bureau will prepare an English translation of 
the report (but not of any annexes) and will transmit such translation to those Offices. 



REMINDER 

The appUcant must enter the national phase before each elected Office by performing ^^^^^^^^ 
translations ahd paying national fees) within 30 months from the priority date (or later in some Of ficesXArticle 
39(l)XBee alib the reminder sent by the International Bureau with Form PCTT/IB^l). 

Where a translation of the international appUcation must be furnished to an elected Office, that translation 
must contain a translation of any annexes to the international preliminary examination report It is the 
appUcantfs responsibility to prepare and furnish such translation directly to each ejeci^ O^i^^concemed. 

For further details on the ^pUcable time limite and requi^^ts'lip t^eM t^lfec^s4 jv^lume H of the 
FCr Applicant's Guide. 



H 11! 

m SEP 1 0 2001 



11 in 



1 



Name and mailing address of the IPEA/US 
Gommunoner of Falents and Trademarlu 
BoaFCT 

Washington, DXX 80231 
Facsimile No. (703) 505-3830 



Form PC7r/IPEA/416 (July 199«)* 





(!2) INTERNATIONAL APPLICATION 



N PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

mRR ECTED VERSION I 



(19) World Intellectual Property Organization 

Iniernalional Bureau 

(43) International Publication Date 
21 December 2000 (21.12.2000) 




PCT 



(10) International Publication Number 

WO 00/77245 Al 



(51) International Patent Classification': C12Q 1/26. 

1/28, C12N 9/00. 9/02 

(21) International Application Number: PCT/USOO/ 16486 

(22) international Filing Date: 15 June 2000 (1 5.06.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



16 June 1999(16.06.1999) US 



(30) Priority Data: 

60/139.569 

(71) Applicant (for all designated States except US): TEMPLE 
UNU'ERSITY - OF THE COMMONWEALTH SYS- 
TEM OF HIGHER EDUCATION [US/US]. Broad Street 
And Montgomery Avenue, Philadelphia, PA 19122 (US). 

; (72) Inventors; and rytrrxw ir 

j (75) Inventors/Applicants (for US onlvn klDUV b., 
= Premkumar [US/US]; 547 Atierbury Road. Villanova, 
^ PA 19085 (US). REDDY, M.V., Ramana [IN/US): 3.^4B 
= Beverlv Boulevard, Upper Darby, PA 19082-4504 (US). 
= DHANASEKARAN, N. [US/US]: 103 Drakes Drum 
I Drive. Bryn Mawr. PA 1901 0- 1 1 26 (US). 

i (74) Aoent: MONACO, Daniel, A.; Drinker Biddle & Reath 
" LLP, One Logan Square. 1 8th and CheTT>' Streets, Philadel- 
= phia.PA 19103-6996 (US). 



(81) Designated States (national): AE. AG. AL. AM. AT. AU. 
AZ BA, BB, BG. BR. BY. CA, CH. CN. CR. CU. CZ. DE. 
DK DM DZ, EE. ES, PL GB. GD, GE. GH. GM, HR, HU, 
ID IL. IN, IS. JP. KE. KG. KP. KR, KZ, LC. LK. LR. LS, 
LT LU LV MA. MD, MG. MK. MN, MW. MX. NO, NZ, 
PL Pt' RO. RU. SD. SE. SG. SI, SK, SL. TJ, TM. TR, TT, 
TZ, UA, UG, US. UZ. VN. YU. ZA, ZW. 

(84> Designated States (regional): ARIPO patent (GH. GM. 
KE LS, MW. MZ, SD, SL, SZ. TZ. UG. ZW), Eurasian 
patent (AM, AZ. BY, KG. KZ. MD, RU. TJ. TM). European 
patent (AT. BE. CH. CY, DE. DK. ES. Fl. FR. GB, GR, IE, 
IT LU MC. NL. PT. SE). OAPI patent (BE BJ. CE CG. 
CL CM. GA, GN, GW, ML, MR. NE, SN, TD. TG). 

Published: 

— with international search report 

(48) Date of publication of this corrected ^^"'IJJ'j^^^ 



(15* Information about Correction: 

see PCT Gazette No. 25/2002 of 20 June 2002. Section II 

For two-letter codes and other abbrexnatiom, refer to the "Guid- 
ance Notes on Codes and Abbrexiations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



^ — 

P (54) Title: CELL-BASED ASSAY FOR SCREENING COX.2 INHIBITORS 
0(57)Abs,racnAcen-based assay isprovided.brscreen.„gsubsu.cesforihec^^^^^^^^^^ 

O s a sJrS" reagent a cell line which has been eng.neered to ach.eve ^-^l' "^^^V^J^^^^^^ J , Jwhich induces the 

i'iSc:s':=raS^.^^^^^^ 

1^ has COX-2 inhibitory activity. 



r 

WO 00/77245 



PCTAJSOO/16486 



PP, , oAccrn Af;RAY FOR cr-oPPMlMP, COX.2 INHIBITORS 

rr^oo-PofArpnre to Re'^^^H Application 

The benefit of the filing date of U.S. provisional patent application 
Ser No 60/139.569 filed June 16, 1999 is hereby claimed pursuant to 35 
5 U.S.C. 119(e). The entire disclosure of the aforesaid provisional 
application is incorporated herein by reference. 

Reference Governm ent Grant 

The invention described herein was supported in part by National 
Institutes of Health grant GM49897. The U.S. government has certa.n 
10 rights in the invention. 

F.i>iH of the Invention 

The invention relates to a method forthe identification of compounds 
having biological activity, in particular, the invention relates to the 
identification of compounds which inhibit the activity of cycloxygenase-2. 



15 



20 



Rark qround of the Invention 

Heterotrim ftrir. G Protein 

Heterotrimeric guanine nucleotide-binding regulatory proteins 
("heterotrimeric G proteins") thaMransduce^signals from cell s urface 
receptors to intracellular effectors are composed of a. P and y subunrts. 
Ga subunits are grouped based on amino acid homology into four 
subfamilies: G,. G. G, and G,, (Strathman and Simon. Froc. Hail Acad. 



00/77245 



PCT/USOO/16486 



-2- 

Sci. (USA) 1991 ; 88:5582-5582). The a subunits possess intrinsic GTPase 
activity and belong to a much larger group of GTPases which share 
structural elements. In all of these GTPases, a cycle of guanine nucleotide 
exchange and hydrolysis enables the protein to exist in two distinct states. 
The cycle allows G proteins to transiently relay signals from cell-surface 
receptors to intracellular effectors. Upon interaction with the appropriate 
agonist, the receptor serves to accelerate the exchange of GDP for GTP 
on the G protein a subunit. The exchange is believed to be accompanied 
by dissociation of the a and p-y subunits. allowing a (and in some cases p- 
y) to interact with effectors. The intrinsic GTPase activity temiinates the 
signal, returning the a subunit to its basal GDP-bound state. Studies have 
suggested that the G^2 members a^^ and a^g regulate signaling pathways 
involved in controlling cell growth and differentiation. See Vara Prasad ef 
a/., J. Biol. Chem. 1995. 270:18655-18659. 

The full-length cDNAs encoding mouse Gal 2 and Gal 3, and the 
encoded translation products, are disclosed in Strathman and Simon. 
supra, the entire disclosure of which is incorporated herein by reference. 
The sequences have been deposited in the GenBank data base by the 
authors, accession nos. M63659 (Ga12) and M63660 (Gal 3). Those 
GenBank records are incorporated herein by reference. The human Ga^2 
cDNA has also been cloned (Chan ef a/., MoL Cell. Biol. 1993; 13:762-768, 
incorporated herein by reference). 

When constltutively activated, GTP-binding proteins can induce 
neoplastic transfomnation. See Xu et ai, Proc. Natl. Acad. ScL (USA) 
1993: 90:6741-6745, the entire disclosure of which is incorporated herein 
by reference. Overexpression of wild-type Ga^j NIH 3T3 cells is weakly 
transforming; a GTPase-deficient mutant of Ga,2 (Ga,2Q229L) behaves as 
a potenToncogene anTis'highfy trans^fonTiirig in"N cells (Xu ef a/.. 
supra), it has been found that Ga^j-transfected cells exhibit a remaricably 
increased level of arachidonic acid in response to semm, and this effect is 
observed in cells transfected with either wild-type or activated mutant Ga^g 
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(Xu et al., supra). 

The Ga,2Q229L mutant results from insertion of a leucine residue at 
position 229 in lieu of glutamine in the wild-type Ga.,^ protein. The mutation 
occurs in a highly conserved region in G proteins which is involved in 

5 binding and GTPase activity. The Q229L mutation results in a GTPase- 
deficient fomi of Ga,2- The mutation blocks GTPase activity so that the a 
subunit binds GTP and is constitutively active (Xu et al., supra; 
Dhanasekaran et al., J. Biol. Chem. 1993, 269:11802-11806; Jian ef al., 
FEBS Lett. 1993; 330:319-322; Vara Prasad ef aL, Oncogene 1994, 

1 0 9:2425-2429; Voyno-Yasenetskaya ef al. , Oncogene 1 994; 9:2559-2565). 

COX-2 

Cyclooxygenase-1 (COX-1 ) and cyclooxygenase-2 (COX-2) are the 
enzymes which convert arachidonic acid into prostaglandins. COX-1 is 
ubiquitously expressed and involved in cellular "housekeeping" functions 

15 of various tissues and organs. In contrast, COX-2 expression is rapidly 
induced in diverse cell types by different growth factors, mitogens, tumor 
promoters, and physiological stress stimuli. Transcriptional induction of 
COX-2 has been shown to be involved in different pathological conditions 
such as inflammation, pain, and fever. It has also been shown that the 

20 anti-inflammatory effects of aspirin and ibuprofen is through their inhibitory 
effect, albeit non-specific inhibitory effect, on COX-2. Furthermore, 
persistent activation of COX-2 has been shown to be associated with 
oncogenesis as well as the invasive potential of tumor cells. 

Inhibitors of COX-2 are useful as therapeutics. See, for example, 

25 the discussion of the advantages of selective COX-2 inhibition set forth in 

U.S. Pat. 5,604,253. 

What is needed i s a s impl e, s en sitive a nd r apid scre ening method 

for detennining the COX-2 inhibitory activity of therapeutic candidates. 
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Summarv of the Invention 

It is an object of the invention to provide a screening method to 
determine the COX-2 inhibitory activity of chemical compounds. 

It is an object of the invention to provide a screening method for 
5 COX-2 inhibition which relies on cells which respond to the presence of 
COX-2 inhibitor by reducing proliferation in comparison to cells of the same 
type which are not contacted with COX-2 inhibitor. 

It Is an object of the invention to provide a screening method for 
COX-2 inhibition which relies on cells which respond to the presence of 
10 COX-2 inhibitor by Increasing production of one or more prostaglandins in 
comparison to cells of the same type which are not contacted with COX-2 
inhibitor. 

it is an object of the invention to provide a screening method for 
COX-2 inhibition which relies on cells which respond to the presence of 
15 COX-2 inhibitor by accumulating arachidonic acid in comparison to cells of 
the same type which are not contacted with COX-2 inhibitor. 

A method for screening a test substance for COX-2 inhibitory activity 
is provided. The test substance is contacted with indicator cells which 
constitutively or inducibly express endogenous COX-2. The level of 
20 proliferation of the indicator cells is determined in the presence and 
absence of the test substance. A decreased level of proliferation of the 
indicator cells in the presence of the test substance indicates that the test 
substance has COX-2 inhibitory activity. 

According to another method for screening a test substance for 
25 COX-2 inhibitory activity, the test substance is contacted with indicator cells 
which constitutively or inducibly express COX-2, and the level of one or 

^_ jrpre prostaglandins produced by the indicator c ells is d etermined in t he 

presence or absence of the test substance. A decreased level of one or 
more prostaglandins produced by the indicator cells in the presence of a 
30 test substance indicates that the test substance has COX-2 inhibitory 
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activity. 

According to another method for screening a test substance for 
COX-2 inhibitory activity, the test substance is contacted with indicator cells 
which constitutively or inducibly express COX-2, and the level of 
5 arachidonic acid provided by the indicator cells is determined in the 
presence or absence of the test substance. An increased level of 
arachidonic acid provided by the indicator cells in the presence of a test 
substance indicates that the test substance has COX-2 inhibitory activity. 
According to preferred embodiments of the invention, indicator cells 
10 constitutively or inducibly express endogenous COX-2. According to other 
preferred embodiments of the invention, the indicator cells express a 
GTPase-deficient mutant form of the a-subunit of protein G1 2. The mutant 
a-subunit has the capacity to induce the production of arachidonic acid and 
COX-2 in the indicator cells. 
15 According to one embodiment of the invention, the G12 protein a- 

subunit mutant comprises the Q229L mutation. 

The level of indicator cell proliferation is conveniently detennined by 
an assay for DNA synthesis by the indicator cells. According to one 
embodiment, the DNA synthesis assay comprises assaying tritium-labeled 
20 thymidine uptake by the indicator cells. 

The level of indicator cell production of one or more prostaglandins 
is conveniently determined with resort to any assay which is capable of 
quantifying, at least in relative temis as compared to control cells, the level 
of production of such prostaglandins. According to a preferred 
25 embodiment, the prostaglandin assay method comprises an immunoassay. 
According to a more prefen-ed embodiment, the immunoassay comprises 
a competitive immunoassay for a prostaglandin. 

The lev^i "f arachidonic acid in the indicator cells, the c omponen ts 

thereof, or released into the medium surrounding the cells, is conveniently 
30 determined with resort to any assay which is capable of quantifying, at least 
in relative terms as compared to control cells, the level of arachidonic acid. 
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One such method is a radiolabeling assay. According to one ennbodiment. 
the assay comprises assaying release of tritiated arachidonic acid by the 
indicator ceils. 

Description of the Figures 
5 Fig. 1 is a schematic representation of the mechanism by which 

COX-2 plays a role in proliferation of cells expressing the GTPase-deficient 
GaizQL mutant. 

Fig. 2A is a Northern blot of analysis of RNA from IPTG-inducible 
Ga,2QL-NIH3T3 cells stimulated with 1 mM IPTG for 0. 0.5. 1, 3 and 6 
10 hours. Cells were probed with DNA encoding Ga.pL. COX-2 or GAPDH. 

Fig. 2B is similar to Fig. 2A, except that the analysis was carried out 
on control cells. The control cells were NIH3T3 cells transfected with vector 

lacking the GaizQL insert. 

Fig. 3 is Western blot analysis of cell lysates probed for COX-2 
1 5 expression. The lysates were prepared from Ga,QL-NlH3T3 cells (lanes 
3 and 6), control N1H3T3 cells (lanes 1 and 4) and Ga,2WT-NIH3T3 cells 
expressing wild type Ga,^ (lanes 2 and 5). 

Fig. 4 is a graph of f H]-thymidine incorporation as an index of DNA 
synthesis in N1H3T3 cells transfected with Ga^^QL DNA (Ga,2QL-NIH3T3) 
20 versus control NIH3T3 cells transfected with vector alone (pcDNA3- 
NIH3T3). Values represent the mean ±S.E. from a triplicate determination. 

Fig. 5 is a graph of prostaglandin release from N1H3T3 cells as a 
function of stable transfection with Ga.^QL expression vectors and 
PCDNA3. Values represent the mean ±S.E. from a triplicate determination. 
25 Fig. 6A is a graph of pH]-arachidonic acid release from Ga.^QL 

expression vector or pcDNA3 transfected NIH3T3 cells. Quiescent, stably 

Trari^ct^c^ireWi^tFd-with-seTO^^ 

release was followed as a function of time. Values represent the mean 
±S.E. from a triplicate determination. 
30 Fig. 6B is a graph of [^Hl-arachidonic acid release from pcDNA3, ras, 
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GttiPL, and Ga,3QL expression vector stably transfected NIH3T3 cells. 
QuiLcent, transfected cells were stimulated with semm and I'H]- 
arachidonic acid release was measured after 1 0 minutes. Values represent 
the mean ±S.E. from a quadruplicate determination. 

Detailed Desrription of *he Invention 
A cell based bloassay system is provided for screening compounds 
for COX-2 Inhibitory activity by assaying the growth-inhibitory property of 
the compounds when exposed to COX-2 growth-driven target cells. The 
target cells are cells which are capable of growing in culture but which have 
been engineered to constitutively or inducibly express COX-2. preferably 

endogenous COX-2. 

By "expression" with respect to COX-2 is meant the production of 

active COX-2 enzyme by the cell. 

By "endogenous" with respect to COX-2 is meant DNA sequences 
corresponding to the native, COX-2 gene locus, its variants, or derivatives 
present in the cells of the organism from which a given indicator cell line 
was derived. 

By "constitutively express" with respect to COX-2 is meant that 
biologically active COX-2 protein is present continually in a cell and does 
20 not appear to be subject to quantitative regulation. 

By "inducibly express" with respect to COX-2 is meant that the COX- 
2 gene is activated in response to a specific stimulus, such as the presence 
of a specific small molecule inducer, to produce biologically active COX-2 
protein. The gene Is not activated, or activated only at a much lower level, 
in the absence of the specific stimulus. Inducible expression of the COX-2 
gene may be controlled directly to achieve inducible expression, such as 
by an inducible promoter operably linked to a COX-2 g ene in a n expression 
construct Alternatively, inducible expression of the COX-2 gene may be 
controlled indirectly, such as by an inducible promoter operably linked to a 
second gene other than the COX-2 gene. The inducible expression of the 
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25 
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second gene in turn governs the expression of COX-2. 

COX-2 is activated by several different pathways in the cell (Vane 
et a/., Annu. Rev. Pharmacol. Toxicol. 1998; 38:97-120. incorporated 
herein by reference). Each pathway is a target for manipulation of COX-2 

5 gene expression to achieve either constitutive or inducible expression of 
that gene. Cell lines which express endogenous COX-2 and produce 
prostaglandins may be appropriate indicator cells for screening for COX-2 
inhibitors. An example of such a cell line is the MDA-MB-231 human 
breast cancer cell line (ATCC number HTB-26; Liu and Rose. Cancer Res. 

10 1996; 56:5125-5127, incorporated herein by reference). 

According to one embodiment, the indicator cells express a GTPase- 
deficient, constitutively-activated mutant fomi of the a-subunit of the 
heterotrimeric protein G12 ("Ga^a mutant"). By "GTPase-deficient" is 
meant that the molecule lacks intrinsic GTPase activity. Hence, the Ga^j 

1 5 mutant is constitutively active. By "constitutively activate" is meant that the 
activity of the protein is present essentially continually in the cell and is not 
subject to quantitative regulation. The Ga^2 mutant has the property of 
inducing the production of arachidonic acid. Arachidonic acid is a substrate 
of COX-2. COX-2 converts arachidonic acid into prostaglandins. The latter 

20 stimulate cell proliferation. The Ga^2 mutant also has the property of 
inducing the transcription of COX-2, which leads to the constitutive 
expression of COX-2 in cells engineered to express the mutant. 

Contact of indicator cells with an inhibitor of COX-2 has the effect of 
inhibiting production of prostaglandins, and thus cell proliferation. At the 

25 same time, the prostaglandin precursor arachidonic acid will accumulate in 
the cell or culture medium due to the blockage of COX-2-mediated 
conversion of arachidonic acid to prostaglandin. 

One - such Gai2 -mutant - is the - protein j3ai2Q229L^ ("Goc^2QL") 

described by Xu et ai. supra. The starting material for the GaijQL (also 

30 referred to herein as "Q229U') mutant is the full-length murine wild-type 
Gai2 cDNA disclosed by Strathman and Simon, Proc. Natl. Acad. ScL 
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(USA) 1991; 88:5582-5582 or GenBank accession record M63659. The 
mutant is generated by the method described by Xu et al., supra, utilizing 
site-directed mutagenesis of double-stranded DNA by overlap extension 
using PGR methodology. The mutagenic oligonucleotides have the 
5 follov^ing sequences, vy/herein the modified nucleotides are underlined: 5'- 
TGGGCGGCCIGAGGTCAC-3' (SEQ ID N0:1) and 5'- 
GTGACCTCAGGCCGCCCA-3' (SEQ ID NO:2). 

Cells engineered to express Ga^^QL are driven to proliferation 
through an autocrine loop shown in Fig. 1 . COX-2 inhibitors can arrest cell 
1 0 proliferation by disrupting this autocrine loop. Such an inhibitory effect can 
be easily quantified by monitoring the Gai2QL-stimulated synthesis of DNA. 
A putative COX-2 inhibitor can thus be easily and rapidly screened for 

COX-2 inhibitory activity. 

Prior to the present invention, it was not known that the Q229L 
15 mutation induces COX-2 transcription in cells. It has been unexpectedly 
found that GaizQL-transfomied cells constitutively express COX-2, thereby 
pennitting their use as reagents for screening putative C0X.2 inhibitors. 

According to the invention, a host cell line capable of growth in 
culture, preferably a fibroblast line (e.g. NIH 3T3). is transfected with a 
construct which will drive Ga.pL DNA expression in the host cell line. The 
construct contains Ga.^QL DNA and appropriate control elements. The 
construct may contain a non-inducible promoter, or an inducible promoter, 
e.g., an isopropyl-p-D-1 -thiogalactopyranoside (IPTG)-inducible promoter. 
Methods for establishing cell lines that expresses Ga.^QL under control of 
25 an IPTG promoter are described by Vara Prasad et al., J. Biol. Chem. 
1995, 270:18655-18659, the entire disclosure of which is incorporated 

herein by reference. 

-Cells of the transfected cell line-whichproduce arachidonlcac^^^ 



20 



COX-2 are then used as indicator cells for testing the COX-2 inhibitory 
30 activity of test substances. The test substance may comprise a pure 
chemical compound or mixture of chemical compounds. Typically, the test 
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substance will be an essentially pure chemical compound which may be 
contained in a suitable carrier for administration to the indicator cell culture. 
An appropriate concentration of test substance is introduced into the cell 
culture. An appropriate concentration can be determined by trial and error, 
without undue experimentation. The concentration of test substance may 
range, for example, from about 0.1 to about 100 pM, more typically from 
about 1 to about 20 pM, most typically from about 1 to about 10 pM. 

According to one embodiment of the invention, the level of 
proliferation of the indicator cells with and without the test substance 
present in the cell culture is then determined. The test substance is 
contacted with the indicator cells under conditions which favor the 
proliferation of those cells. Methods for culturing cells under conditions of 
proliferation are well-known to those skilled in the art. Typically, conditions 
favoring cell proliferation in culture comprise culturing the cells in the 
15 presence of a growth medium, e.g., a growth medium comprising a serum 
such as fetal bovine serum (FBS). Assays for determining the level of 
proliferation of cells in culture are well-known to those skilled in the art. In 
addition to determining actual cell number, several indirect methods for 
assessing cell proliferation are known to those skilled in the art. 
20 According to one preferred embodiment of a proliferation assay, 

proliferation is assessed by monitoring DNA synthesis. Proliferating cells 
actively synthesize DNA to support mitosis. DNA synthesis may be 
conveniently monitored through the cell's uptake of detectably labeled DNA 
precursors. Such labeled precursors include, for example, chemically- 
25 labeled and radiolabeled precursors. One chemically labeled precursor is 
bromodeoxyuridine. Bromodeoxyuridine incorporation can be detected by 
bromodeoxyuridine-antibodies in an enzyme-linked immunosorbent assay 

usingjixed microcultures (Muir et al.. Analytical Biochemistry 1990; 

185:377-382). The prefen-ed radiolabeled precursor is tritium-labeled 
30 thymidine (^H-thymidine). Other chemically labeled and radiolabeled DNA 
precursors suitable for use in cell proliferation assays are known to those 
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Skilled in the art. The capacity of the test substance to inhibit cell 
proliferation is a measure of the potency of the substance as an inhibitor 

of COX-2 activity. 

According to another embodiment of the invention, the level of one 
5 or more prostaglandins produced by the indicator cells, with and withoutthe 
test substance present in the cell culture, be can determined. Such 
prostaglandins may include for example PGE2, PCF^,,, PGD^. their 
stabilized chemical derivatives and the like. In samples were the chemical 
environment promotes the rapid turnover of prostaglandins such 
10 prostaglandins may be converted to stable derivatives prior to detection. 
Such stabilized derivatives include for example bicycio prostaglandin E2. 
8-isoprostane. and prostaglandin D2 methoxime which correspond to 
PGE2, PGF2„, and PGDj. A decrease in production of prostaglandins by 
the indicator cells in the presence of the test substances indicates that the 
test substance has COX-2 inhibitory activity. Assays for determining the 
level of prostaglandins produced by cells in culture are well-known to those 
skilled in the art. Such methods include, for example, chromatography- 
based techniques, receptor based assays or immunoassays for the 
prostaglandin(s) of interest. Receptor based prostaglandins assays may 
be based on the methods of Hanasaki et al. or Balapure et al. for example. 
Hanasaki etal., J. Biol. Chem. 1990;265:4871-4875 and Balapure etal., 
Biochem. Pharmacol. 1989;38:2375-2381 . Prostaglandin production may 
be measured by the various methods in the media surrounding cells, in the 
cells themselves, or in a component of the cells. Components of the cells 
25 include for example organelles, membranes, proteins, cell lysates. cell 
pellets, cell supernatants and the like. 

For example, prostaglandin production in radiolabeled cells maybe 

assayed by a thin layer chro mato grap hy (TLC) as fo llow s. Radiolabeled 

prostaglandins are extracted from cells, their components, or the 
surrounding media with an appropriate solvent such as ethyl acetate. The 
solvent-extracted radiolabeled prostaglandins are then spotted on a TLC 
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plate and developed under suitable conditions in an appropriate mobile 
phase. Radiolabeled prostaglandins may be detected by any suitable 
means such as phosporimaging, fluorography, scintillation counting, 
autoradiography and the like. Alternatives to TLC chromatography include 
5 any chromatography technique capable of discerning the relative amounts 
of prostaglandins produced by unlabeled or radiolabeled cells. 

According to one preferred embodiment of the invention, 
prostaglandin production by the indicator cells is measured by a 
competitive immunoassay. In such an assay, a primary antibody specific 
10 to one or more prostaglandins is incubated with a sample to be analyzed 
followed by incubation of the sample with an immobilized secondary 
antibody specific to the primary antibody. A labeled prostaglandin is then 
incubated with the sample, and the labeled prostaglandin is allowed to 
compete with non-conjugated prostaglandins in the sample for 
15 prostaglandin binding sites on the primary antibody. The competing 
labeled prostaglandin may be labeled by any suitable means including 
radiolabeling, conjugation with a peroxidase or other easily detected 
polypeptide, chromophore labeling, orf luorophore labeling. Techniques for 
labeling prostaglandins are well known to those skilled in the art. The level 
20 of competing, labeled prostaglandin bound after washing is inversely 
related to the amount of prostaglandin present in the sample analyzed 
(Shaw and Ramwell, Methods of Biochem. Analysis 1969; 17:325-371 
Green ef a/., Advances in Prostaglandin and Thromboxane Res. 1978 
5:15-38; Powell. Prostaglandins 1980; 20:947-957; Kelly et al. 
25 Prostaglandins, Leukotrienes and Essential Fatty Acids 1989; 37:187-191 
Granstrom and Kindhal, Advances in Prostaglandin and Thromboxane Res 
1980; 5:119-210; Morris et al., Prostaglandins 1981; 21:771-778 

Granstrom and Samuelsson. Advances in Prostaglandin and Thromboxane 

Res. 1978; 5:1-13). A competitive prostaglandin assay permits rapid, high 
30 throughput screening for COX-2 inhibitors using the indicator cells of the 
invention. 



wo 00/77245 



PCT/USOO/16486 



- 13- 

As an alternative to measuring prostaglandin production by the 
indicator cells, the level of arachidonic acid provided by the indicator cells 
is determined, with and without the test substance present in the cell 
culture. By a "level" of arachidonic acid which is "provided" by the indicator 
5 cells, is meant the relative amount or concentration of arachidonic acid .in 
the cells or component thereof, or in the culture medium. Arachidonic acid 
is readily converted to prostaglandins in the presence of functional COX-2. 
An increase in the level of arachidonic acid by the indicator cells in the 
presence of the test substance indicates that the test substance has COX- 
10 2 inhibitory activity. Assays for determining the level of arachidonic acid 
produced by cells in culture are well-known to those skilled in the art. 
Arachidonic acid production may be measured in the media surrounding 
cells, in the cells themselves or in components of the cells. According to 
one preferred embodiment of the invention, arachidonic acid release is 
15 measured by labeling indicator cells with tritiated arachidonic acid (pH]- 
arachidonic acid), washing cells to remove free radiolabeled arachidonic 
acid, treating the cells with the test substances and after a time measuring 
by scintillation counting the radiolabeled arachidonic acid present in the 
media surrounding the cells. (Xu et ai, supra). In the absence of 
20 functioning COX-2 the radiolabelled arachadonic acid taken up by the cells 
is not converted to prostaglandin, but rather is released to the surrounding 
media. 

The inhibitory compounds identified using the invention may be 
administered to individuals (animals, most particularly mammals including 

25 humans) afflicted with any disorder characterized by undesirable 
prostaglandin production resulting from cyclooxygenase activity, particularly 
COX-2 activity ("cyclooxygenase-mediated disorder"). In particular, COX-2 

_ inhibitory compounds of the typ e identified using the inv ention are believed 
useful in treating inflamation and inflamation-related disorders, by 

30 administering to a subject having or susceptible to such inflamation or 
inflamation-related disorder and effective amount of an inhibitory 
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compound. Inflamation is associated with a variety of disease conditions. 
For a list of such disease conditions treatable by cyclooxygenase inhibitors, 
and COX-2 inhibitors in particular, see U.S. Patents 5,604.253 and 
5,908,852, the entire disclosures of which are incorporated herein by 
reference. Such conditions include, for example, arthritis, including but not 
limited to rheumatoid arthritis, spondyloarthropathies, gouty arthritis, 
osteoarthritis, systemic lupus erythematosus and juvenile arthritis. Such 
conditions further Include rheumatic fever, symptoms associated with 
influenza or other viral infections, common cold, low back and neck pain, 
dysmenorrhea, headache, toothache, sprains and strains, myositis, 
neuralgia, synovitis, gout and ankylosing spondylitis, bursitis, and following 
surgical and dental procedures. COX-2 inhibitory compounds are also 
believed useful as analgesics for treating or alleviating all fonns of pain. 
The compounds are believed useful in the treatment of other disorders 
1 5 including asthma, bronchitis, tendinitis, bursitis; skin related conditions such 
as psoriasis, eczema, bums and demiatitis; gastrointestinal conditions such 
as inflammatory bowel disease. Crohn's disease, gastritis, irritable bowel 
syndrome and ulcerative colitis and for the prevention of colorectal cancer; 
the treatment of inflamation in such diseases as vascular diseases. 
20 migraine headaches, periarteritis nodosa, thyroiditis, aplastic anemia. 
Hodgkin's disease, sclerodoma. type I diabetes, myasthenia gravis, 
sarcoidosis, nephrotic syndrome, Behcet's syndrome, polymyositis, 
gingivitis, hypersensitivity, conjunctivitis, swelling occurring after injury, 
myocardial ischemia, and the like. The COX-2 inhibitory compounds 
25 identified using the invention are also believed useful as antipyretics for the 
treatment of fever. 

in addition, COX-2 inhibitors of the type identified using the invention 

may inhibit c ellular ne oplastic transformation s and m etastatic tumor growth 

and hence can be used in the treatment of cancer. The temn "neoplasia" 
includes neoplasias that produce prostaglandins or express a 
cyclooxygenase. including both benign and cancerous tumors, growths and 
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polyps. Neoplasias believed treatable with cyclooxygenase inhibitors are 
discussed in U. S. Pat. 5,972,986, the entire disclosure of which is 
incorporated herein by reference. The COX-2 inhibitors identified using the 
invention may be used to inhibit the growrth of an established neoplasm. 

5 i.e., to induce regression, or to preventordeiay the onset of the neoplasm. 

According to U.S. Pat. 5,972,986, neoplasias that produce 
prostaglandins, and which are therefore believed treatable with compounds 
of the type identified using the invention, include brain cancer, bone 
cancer, epithelial cell-derived neoplasia (epithelial carcinoma) such as 

10 basal cell carcinoma, adenocarcinoma, gastrointestinal cancer such as lip 
cancer, mouth cancer, esophageal cancer, small bowel cancer and 
stomach cancer, colon cancer, liver cancer, bladder cancer, pancreas 
cancer, ovary cancer, cervical cancer, lung cancer, breast cancer and skin 
cancer, such as squamous cell and basal cell cancers, prostate cancer, 

15 renal cell carcinoma, and other known cancers that effect epithelial cells 

throughout the body. 

The COX-2 inhibitory compounds identified by using the invention 

may also be useful in the treatment of angiogenesis-mediated disorders. 

Angiogenesis-mediated disorders which may be treatable with 
20 cyclooxygenase inhibitors are discussed in U. S. Pat. 6.025.353, the entire 

disclosure of which is incorporated herein by reference. According to U. S. 

Pat. 6,025,353. such disorders include, for example, metastasis, corneal 

graft rejection, ocular neovascularization, retinal neovascularization. 

diabetic retinopathy, retrolental fibroplasia, neovascular glaucoma, gastric 
25 ulcer, infantile hemaginomas, angiofibroma of the nasopharynx, avascular 

necrosis of bone, and endometriosis. 

The practice of the invention is illustrated by the following non- 
limiting examples. 
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Example 1 
Establishing Ga . ^QL Cell Line 
A. Transfection of NIH3T3 Cells with Ga ,. >QL Vector 

(i) Preparation of Ga ,o QL-NIH3T3 

5 The vector GoijOL-pcDNAS was prepared by ligating the EcoRI- 

Xbal (1 .8 kb) fragment from pcDNA1-ai2Q229L into the EcoRI-Xbal site of 
the pcDNA3 vector (Invitrogen, Carlsbad. CA). Actively proliferating NIH 
3T3 cells (1.5 x 10® cells/ 100 mm dish) grown in Dulbecco's modified 
Eagle's medium (DMEM) containing 10% FBS were transfected with 100 

10 ng of the vector by the calcium precipitation method. The procedures for 
transfection and transfomiation of NIH 3T3 cells have been previously 
described (Vara Prasad etai. Oncogene 1994. 9:2425-2429, and Shore 
& Reddy. Oncogene 1 989. 4:141 1-1423. the entire disclosures of which are 
incorporated herein by reference.) Individual transformed foci were 

15 isolated and expanded for further analysis by Northem and Westem 
analyses for Ga^jOL expression as well as anchorage-independent growth 
in soft-agar according to previously published procedures (Vara Prasad et 
ai, 1994, supra). 

(ii) Preparation of IPTG-inducible G aj oQL-NIH3T3 

20 An NIH3T3 cell line that expresses Ga^sOL under an IPTG-inducible 

promoter (Gai2QL-pOPRSVt-NIH3T3) was established as previously 
described (Vera Prasad etai, 1995, supra), as follows. Blunt-ended 1.8 
kb Hindlll-Xbal fragment of ai2Q229L excised from the Gai2QL-pcDNA3 
vector was ligated into the blunted NotI site of the pOPRSVI plasmid 

25 following published procedures (Sambrook etai. (1989) Molecular Cloning: 
A Laboratory Manual 26 Ed., Cold Spring Harbor Laboratory Press. Cold 
Spring Harbor, NY). NIH3T3 cell lines expressing inducible ai2Q229Lwere 
establTshed using the LacSwitcff expression veictors (Stratagene). Briefly, - 
NIH3T3 cell were cotransfected with p3'SS plasmid vector expressing the 

30 Lac repressor and pOPRSVI-ai2Q229L vector by electroporation, as 
described by Vera Prasad etai, 1995. 
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B. Preparation of COX-2 DNA 

Murine COX-2 DNA was cloned using RT-PCR methods from the 
RNA prepared from NIH 3T3 cells pretreated (6 hrs) with 100 nM PMA 
using the following primers: 5'CTCTGCGATGCTCTTCCGAG-3' (SEQ ID 

5 N0:3) and 5'-GACTTTTACAGCTCAGTTGAACG-3' (SEQ ID NO:4). The 
amplified 1827 bp PCR-product was sequenced and the comparison with 
the published sequences (Kujubu etal., J. Biol. Chem. 1991, 266, 12866- 
12872) confirmed the identity of COX-2 cDNA. The COX-2 PCR-product 
was purified and cloned into pT7Blue TA vector (Novagen, Madison, Wl). 

1 0 The clone was used as a source of probes for Northern blot analysis. 

C. Confirmation of COX-2 Expression i " iPTG-inducible Ga,-,QL- 
NIH3T3 Cells 



1. Northern Blotting 

Expression of GaijOL was induced in the IPTG-inducibleGai2-QL- 
1 5 NIH3T3 cells and control cells by the addition of 1 mM IPTG. At 0, 0.5. 1 , 
3, and 6 hours after the addition of IPTG, total RNA was prepared from the 
cells following the published procedures of Dhanasekaran ef a/., J. Biol. 
Chem. 1993. 269:11802-11806, the entire disclosure of which is 
incorporated herein by reference. Twenty \ig of the RNA (for each time 
20 point) was resolved in a denaturing 1 % agarose and 2.2 M fomialdehyde 
gel. The RNA was blotted onto a zeta probe-GT membrane (Bio-Rad. CA) 
and cross-linked to the membrane by UV light. The Hind Ill-Xba I fragment 
(1.2 kbp) of Ga^aQL DNA excised from Ga,2QL and the Xba l-Bam HI 
fragment (1 .8 kbp) of COX-2 from the COX-2pT7Blue vector were used as 
25 probes in Northern blot analyses. The RNA was also probed for GAPDH 

-expression. . 

The results of the Northern blot analysis are shown in Figs. 2A 
(Ga,2Ql-3NIH3T3) and 2B (control cells). The control cells were NIH3T3 
cells transfected with "empty" pOPRSVI vector lacking the Ga,2QL insert. 
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COX-2 transcription was induced only in Gai2QL-NIH3T3 cells. 

2. Western Blotting 

The constitutive expression of COX-2 protein was 
demonstrated by Western blot analysis. Cell lysates for Western blot 

5 analysis were prepared from control NIH3T3, NIH3T3 expressing wild 
type Gai2 (Gai2WT"NIH3T3) and Gai2QL-NIH3T3 cells. The cells grown 
in 100 mm dishes, washed twice in phosphate-buffered saline (PBS) and 
lysed with 0.5 ml of RlPA buffer (10 mM NaP04 pH 7,0, 150 mM NaCI, 2 
mM EDTA, 1% sodium deoxycholate, 1% NP40, 0.1% SDS, 50 mM NaF. 

10 200 mM Na3V04. 0.1 % p-mercaptoethanol, 1 mM phenylmethanesulfonyl- 
fluoride (PMSF), 4 pg/ml aprotinin, and 2 pg/ml leupeptin). The soluble 
proteins were cleared by centrifugation at 15, 000 g for 10 minutes at 4X. 
The lysate (50 pg) was resolved by SDS-PAGE and electroblotted onto 
polyvinylidene fluoride (PVDF) membranes (Millipore, Bedford, MA) in 10 

15 mM 3-cyclohexylamino-1 -propane sulfonic acid (CAPS) buffer containing 
10% methanol using a Mini-Protean apparatus (Bio-Rad, CA). The 
resolved lysates were probed with specific antibodies raised against the 0- 
temiinus of COX-2 (Oxford Biomedical Research, Ml). 

The results are shown in Fig. 3. COX-2 is constitutively expressed 

20 in Gai2QL-NIH3T3 cells (lanes 3 and 6) but not in control NIH3T3 cells 
(lanes 1 and 4) or Gai2WT-NIH3T3 cells (lanes 2 and 5). 

Example 2 

Inhibition of Ga . oQL-NIH3T3 Cell Proliferation bv COX-2 Inhibitor 

Inhibition of Gai2QL-NlH3T3 cell proliferation by a COX-2 inhibitor 
25 was determined by monitoring DNA synthesis. [^H]-Thymidine 

incorporation was -used -as an index of DNA-synthesis. Control cells - 

(expressing pcDNA3 vector) and GaijQL-transformed NIH 3T3 cells 
were plated at 5 x 10^ cells per well in a 24-well plate and grown for 24 
hours at 37X in DMEM containing 5 % FBS. The cells were washed 
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and made quiescent by placing them in DMEM (+0.2 % BSA) without 
serum for an additional 24 hours. Cell gro\Mh was reinitiated by the 
addition of 10 % FBS with or without an experimental COX-2 inhibitor 
(10 \iM). Twelve hours later 1 |jCi of thymidine (20 Ci/nmol) was added 
5 to each well and incubated for an additional 4 hours. The cells were 
washed in PBS and solubilized in 0.1% SDS. DNA was precipitated 
with 10 % chilled TCA and the precipitate was collected on GFC filters. 
The counts in the precipitate were determined by scintillation counting. 
The results are shown in Fig. 4. The values represent the mean ± the 
10 standard error for triplicate determinations. 

The addition of 1 0 pM COX-2 inhibitor did not have any effect on 
control cells. In contrast, the COX-2 inhibitor specifically inhibited DNA 
synthesis in Gai2QL-NIH3T3 cells as shown in Fig. 4. These results 
indicated that the COX-2-inhibitor did not affect normal cells but arrested 
1 5 cell growth in transformed cells dependent on the COX-2 pathway for cell 
growth and survival. Since Gai2QL-NIH3T3 cells exhibit such a phenotype, 
the bioassay system based on GaiaQL-NIHSTS cells may be effectively 
used to screen putative COX-2 inhibitors. 

Example 3 

20 Determination of Prostaglandin Levels as an Assay for COX-2 

Activity 

Activation of prostaglandin release by NIH3T3 cells in response to 
Ga,2QL expression was determined by monitoring prostaglandin 
production. Prostaglandin PGEj was used as an index of COX-2 mediated 
25 prostaglandin production. Control NIH3T3 cells stably transfected with 

PCDNA 3 vector and GaijQL-transformed NIH3T3 cells were plated at 3 x 

10^ cells per 100 mm dish and grown overnight at 37'C in DMEM 
containing 5 % FBS. The cells were washed and made quiescent by 
placing them in DMEM (+0.2 % BSA) without semm for an additional 24 



wo 00/77245 



PCT/USOO/16486 



-20- 

hours. Cell growth was reinitiated by the addition of 10% FBS. Six hours 
later the cells were pelleted by centrifugation. The cell pellet was lysed and 
total cellular PGE2 production was measured using a competitive enzyme 
immunoassay (Prostaglandin E2 EIA (enzymeimmunoassay) Kit, Cayman 

5 Chemical Co., Ann Arbor. Ml, USA) as per the manufacturer's protocpL 
The results are shown in Fig. 5. The values represent the mean ± the 
standard error for triplicate determinations. 

Stable expression of Ga^jQL dramatically activated prostaglandin 
PGE2 production in the indicator cells in contrast to control NIH3T3 cells 

1 0 stably transfected with pcDNA3 as shown in Fig. 5. Activation or inhibition 
of COX-2 activity in Ga^jOL transfected indicator cells can be assessed by 
determining the levels of prostaglandins produced by such indicator cells. 
The assay may be used to screen candidate compounds for inhibition of 
COX-2 activity. 

15 Example 4 

Determination of Arachidonic Acid Levels as an Assavfor COX-2 

Activity 

Arachidonic acid release levels can be used as an index of COX-2 
activity. Control NIH3T3 cells stably transfected with pcDNA3 vector and 

20 Gai2QL-transformed NIH3T3 cells were plated at 2 x 10^ cells per well in 
a 24-well plate and grown for 24 hours at 37''C in DMEM containing 5 % 
FBS. Cells were labeled and made quiescent by incubation for 24 hrs with 
0.5 ml serum free DMEM containing 10 mM HEPES (ph 7.4), 0.2 % BSA 
and 0.5 ^Ci [^H]-arachidonic acid per well. Cells were then washed three 

25 times with PBS to remove free [^H]-arachidonic acid. Cell growth was 
reinitiated by the addition of FBS to a final concentration of 5 %. [^H]- 

Arachidonic acid release into the surrounding media was measured^ at 0, 

2. 5, 10, and 20 min after serum stimulation by scintillation counting as per 
the method of Xu et ai, supra. Prior to scintillation counting cell debris in 

30 the media was removed by centrifugation at 2000 g. [^HJ-arachidonic acid 
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release by non-serum stimulated cells into the surrounding media was 
measured at 0, 2. 5, 10, and 20 min by scintillation counting. The results 
are shown in Fig. 6A. The values represent the mean ± the standard error 
for triplicate detenninations. 
5 Serum stimulation of Ga,,QL transfected cells dramatically 

Increased arachidonic acid release in contrast to non-serum stimulated 
indicator cells as shown in Fig. 6A. Arachidonic acid release by control 
NIH3T3 cells stably transfected with pcDNA3 was unaffected by serum 
stimulation as shown in Fig. 6A. Activation or inhibition of COX-2 activity 
10 in Ga,aQL transfected indicator cells can be assessed by determining the 
levels of arachidonic acid produced by such indicator cells. Inhibition of 
COX-2 will presumably increase arachidonic acid levels as such inhibition 
will prevent conversion of arachidonic acid into the various prostaglandins. 
Arachidonic acid release levels were also used as an index of COX- 
15 2 activity in NIH3T3 cells stably transfected with pcDNA3. ras, Ga^^QL. and 
Ga,3QL expression vectors as shown in Fig. 6B. Cells were plated . labeled 
with [^Hl-arachidonic acid, and [^H]-arachidonic acid release was 
measured usingthe methodologies described above. [^Hl-arachidonicacid 
release was measured by scintillation counting 10 min after reinitiation of 
20 cell growth by addition of 5% FBS. The results are shown in Fig. 6B. The 
values represent the mean ± the standard error for quadruplicate 
determinations. 

As Fig. 68 shows, serum stimulation of Ga^zQL transfected indicator 
cells dramatically increased arachidonic acid release relative to cells stably 
25 transfected with pcDNA3, ras. or Ga,3QL expression vectors as shown in 
Fig. 6A. These results demonstrate the apparent specificity with which 
Ga^^QL expression stimulates the COX-2 pathway. Activation or inhibition 

of-Cm-2^tivifyin^^^^^ 

determining the levels of arachidonic acid produced by such indicator cells. 
30 The assay may be used to screen candidate compounds for inhibition of 
COX-2 activity. 
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All references cited with respect to synthetic, preparative and 
analytical procedures are incorporated herein by reference. All sequence 
records identified by GenBank accession numbers are incorporated herein 
by reference. 

The present invention may be embodied in other specific fomis 
without departing from the spirit or essential attributes thereof and. 
accordingly, reference should be madetothe appended claims, ratherthan 
to the foregoing specification, as indication the scope of the invention. 
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What is claimed is: 

1 . A method for screening a test substance for COX-2 inhibitory 

activity comprising: 

(a) contacting the test substance with indicator cells which 
constitutively express endogenous COX-2 or inducibly express 
endogenous COX-2; and 

(b) detemnlning the level of: 

(i) proliferation of the indicator cells in the presence and 
absence of the test substance, a decreased level of proliferation of the 
indicator cells in the presence of the test substance indicating that the test 
substance has COX-2 inhibitory activity; or 

(ii) one or more prostaglandins produced by the indicator cells 
in the presence and absence of the test substance, a decreased 
prostaglandin level in the presence of the test substance indicating that the 
test substance has COX-2 inhibitory activity. 

(ill) arachidonic acid produced by the indicator cells in the 
presence and absence of the test substance, an increased arachidonic acid 
level in the presence of the test substance indicating that the test 
substance has COX-2 inhibitory activity. 

2. A method for screening a test substance for COX-2 inhibitory 

activity comprising: 

(a) contacting the test substance with indicator cells which express 
a GTPase-deficient mutant fomn of the a-subunit of protein G12, which 
mutant a-subunit has the capacity to induce the production of arachidonic 
acid and COX-2 in the indicator cells; and 

Xt>) determining the level ofjproliferation of the indicator cells^in the 

presence and absence of the test substance, a decreased level of 
proliferation of the indicator celts in the presence of the test substance 
indicating that the test substance has COX-2 inhibitory activity. 
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3. A method according to claim 2 wherein the G12 protein a- 
subunit mutant comprises the Q229L mutation. 

4. A method according to claim 3 wherein the level of indicator 
cell proliferation is determined by an assay for DNA synthesis by the 
indicator cells. 

5. A method according to claim 4 wherein the DNA synthesis 
assay comprises assaying tritium-labeled thymidine uptake by the indicator 
cells. 

6. A method for screening a test substance for COX-2 inhibitory 
activity comprising: 

(a) contacting the test substance with indicator cells which express 
a GTPase-deficient mutant form of the a-subunit of protein G12, which 
mutant a-subunit has the capacity to induce the production of arachidonic 
acid and COX-2 in the indicator cells; and 

(b) determining the level of one or more prostaglandins produced by 
the indicator cells in the presence and absence of the test substance, a 
decrease in production of said prostaglandin by the indicator cells in the 
presence of the test substance indicating that the test substance has COX- 
2 inhibitory activity. 

7. A method according to claim 6 wherein the G12 protein a- 
subunit mutant comprises the Q229L mutation. 

8. A method according to claim 7 wherein the prostaglandin level 
is assayed in the media surrounding thejndicatprj:Ms, inAhe i^^^^ 

or in a component of the indicator cells. 

9. A method according to claim 8 wherein the prostaglandin level 
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level Is assayed by a prostaglandin Immunoassay. 

10. A method according to claim 9 wherein the prostaglandin 
Immunoassay comprises a competitive immunoassay. 

11. A method for screening a test substance for COX-2 inhibitory 

activity comprising: 

(a) contacting the test substance with indicator cells which express 
a GTPase-deficient mutant fomri of the a-subunit of protein G12, which 
mutant a-subunIt has the capacity to induce the production of arachldonic 
acid and eOX-2 in the Indicator cells; and 

(b) detemiining the level of arachidonic acid provided by the 
indicator cells In the presence and absence of the test substance, an 
increase In the level of arachidonic acid provided by the indicator cells in 
the presence of the test substance Indicating that the test substance has 
COX-2 inhibitory activity. 

12. A method according to claim 1 1 wherein the G12 protein a- 
subunit mutant comprises the Q229L mutation. 

13. A method according to claim 1 2 wherein the arachidonic acid 
level Is assayed in the media surrounding the indicator cells, in the indicator 
cells or in a component of the indicator cells. 

14. A method according to claim 1 3 wherein the arachidonic acid 
assay comprises assaying tritium labeled arachidonic acid release from 
said indicator cells. 
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The chemical mandates for arachidonic acid conver- 
sion to prostaglandin Gg within the cyclooxygenase 
(COX) active site predict that the substrate will orient in 
a kinked or L-shaped conformation. Molecular modeling 
of arachidonic acid in sheep COX-1 confirms that this 
L-shaped conformation is possible, with the carboxylate 
moiety binding to Arg-120 and the ci>-end positioned 
above Ser-530 in a region termed the top channel. Mu- 
tations of Gly-533 to valine or leucine in the top channel 
of mCOX-2 abolished the conversion of arachidonic acid 
to prostaglandin Ggt presumably because of a steric 
clash between the <u-end of the substrate and the intro- 
duced side chains. A smaller G533A mutant retained 
partial COX activity. The loss of COX activity with these 
mutants was not the result of reduced peroxidase activ- 
ity, because the activity of all mutants was equivalent to 
the wild-type enzyme and the addition of exogenous 
peroxide did not restore full COX activity to any of the 
mutants. However, the Gly-533 mutants were able to 
oxidize the carbon 18 fatty acid substrates Unolenic acid 
and stearidonic acid, which contain an allylic carbon at 
the a>-5 position. In contrast, linoleic acid, which is like 
arachidonic acid in that its most oi-proximal allylic car- 
bon is at the a>-8 position, was not oxidized by the Gly- 
533 mutants. Finally, the ability of Gly-533 mutants to 
efficiently process co-5 allylic substrates suggests that 
the top clumnel does not serve as a product exit route 
indicating that oxygenated substrate diffuses from the 
cyclooxygenase active site in a membrane proximal 
direction. 



Prostaglandin endoperoxide synthase has two activities that 
are required for the production of PGHg,^ the essential precur- 
sor of prostaglandins, thromboxane, and prostacyclin (1). The 
iirst activity catalyzes the oxygenation and cyclization of 
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arachidonic acid within the cyclooxygenase (COX) active site to 
produce PGGa- PGGg then exits the cyclooxygenase active site 
and undergoes a two-electron reduction, jdelding PGH2 at the 
peroxidase active site (2). Two isoforms of COX exist, COX-1 
and COX-2, that effect the same enzymatic reactions (3), They 
are approximately 60% identical in sequence and are highly 
homologous in both active site regions. Not surprisingly, their 
three-dimensional structures are nearly superimposable (4-6). 
COX-1 and COX-2 are mediators of numerous physiological 
and pathological responses, and therefore considerable effort 
has been devoted to developing selective COX inhibitors. This 
is especially true of COX-2, which is a significant contributor to 
inflammation, hyperalgesia, and cancer (7). Structural analy- 
sis of COX-inhibitor complexes has provided a detailed under- 
standing of their interaction with the enzyme and insight into 
the mechanism of isoform selectivity (4-6, 8). 

A less detailed picture is available for the interaction of the 
substrate arachidonic acid with the proteins. Crystal struc- 
tures of COX-arachidonic acid complexes have not been re- 
ported, and so most of the available information has been 
developed by employing site-directed mutagenesis. It is gener- 
ally agreed that Ai^-120^ ion pairs or hydrogen bonds to the 
carboxylate of the fatty add (9-12) and that Tyr-385 removes 
the 13-pro-S-hydrogen in the first step of oxygenation (13; 14). . 
However, the orientation of the rest of the substrate molecule, 
particiilarly the a>-end, is uncertain. 

We have approached the problem of arachidonic acid-COX 
interaction by attempting to match the chemical mandates of 
the cyclooxygenase reaction to complementary regions on the 
protein. COX catalyzes the conversion of an achiral molecule 
into a product with five chiral centers (15). Noteworthy is the 
generation of the endoperoxide ring with the <rans-substituted 
alkyl side chains. This stereochemistry is opposite that ob- 
served in the auto-oxidation of arachidonic acid in solution in 
which the alkyl side chains are oriented cis (16). Thus, the 
enzyme must orientate the arachidonic acid molecule in the 
COX active site to facilitate the formation of the irans-substi- 
tuted ring. Any model for COX-arachidonate binding must 
accommodate this stereochemical mandate. Some time ago it 
was predicted that the enzyme holds arachidonate in a kinked 
or L-shaped conformation to facihtate cycHzation to form a 
^ra7is-disubstituted_ d^ .(Pig._l).- 
"THerefore^ we modeled such a conformation into the COX-1 
active site with the carboxylate adjacent to Arg-120 and the 
13-pro-S-hydrogen adjacent to Tyr-385; this starting structure 
was then energy-minimized. The minimized conformation po- 
sitioned the a>-end of arachidonate above Ser-530 projecting 
into a region that we term the top channel. The importance of 



' The numbering system used is in accord with that of COX-1. 
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Fio.1. Mechanism of arachidonlc acid conversinntePrir- i. 
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Fig. 2. Stereo image of the modeled structure of the sheep COX-l-arachidonic acid complex. The carboxyl end of arachidonic acid 
(oxygens in red, sp3 carbons in blue, and sp2 carbons in^en) is bound to Arg-120 {yellow) and Tyr-355 isreen). The archidonate 13-pro-S-hydrogen 
(white) on carbon 13 (yellow) is 2.1 A from Tyr-385 (orange), and the 13-pro-/2-hydrogen (pink) is 4.1 A from Tyr-385. Other residues shown are 
Leu-352 in dark blue, Trp-387 in white, ne-523 in brown, Ser-530 in red, Gly-533 in pink, and Leu-534 in^ay. The distances from arachidonate 
to other regions of the protein include the following: arachidonate C-6 to Ile-523 0, 3.4 A; C-10 to Trp-387 Ctj, 2.8 A; C-12 to Ile-352 08^, 3.4 A; 
C-15 to Ser-530 Oy, 3.5 A; C-18 to Gly-533 Ca, 5.9 A; and C-19 to Gly-533 Ca, 4.7 A. 



residue is conserved in all COX sequences, and we anticipated 
that increasing the steric bulk at this position would reduce 
arachidonate binding. Both wild-type and mutant COX-2 
cDNAs were expressed in insect cells from baculovirus vectors, 
and recombinant proteins were purified by ion exchange and 
gel filtration chromatography as described under "Experimen- 
tal Procedures." All of the purified proteins were shown by 
densitometric scanning of a 7.5% SDS-polyacrylamide gel to be 
equal to or greater than 80% pure (Table I). 

Table I lists both the peroxidase activity and the cyclooxyge- 
nase activity of the three Gly-533 mutants. The similarities of 
the peroxidase activities to that of wild-type COX-2 demon- 
strate that the mutations did not introduce gross structural 
perturbations. However, the cyclooxygenase activities of all 
three mutants were affected significantly. The G533L and 
G533V mutants were unable to convert arachidonate to PGG2, 
whereas the G533A mutant had a much slower initial rate for 
substrate conversion and demonstrated just 26% of wild-type 
total COX-2 activity. 

One possibihty that could explain the low turnover rate 
observed with G533A could be a decreased activation of cyclo- 
oxygenase catalysis. PGGg released from the cyclooxygenase 
active site is converted to PGHg at the peroxidase active site 
with concomitant formation of a heme-oxo complex (22). This 
complex oxidizes Tyr-385 and generates the cataljrticaUy active 
tyrosyl radical. As the G533A substitution compromises con- 
version of arachidonate to PGG2, this lower activity could be 
fiirther pronounced because of less PGG2 available to maxi- 
mally activate all the COX molecules in solution. To address 
the concern of insufficient peroxide activation, three different 
approaches were employed: 1) lowering the concentration of 
reducing substrate (phenol) in the assay buffer to slow down 
the reduction of^xogenous peitrades a^ 
""thesizid fatty acid hydroperoxides; (2) adding H2O2 to generate 
higher oxidation states of the peroxidase; and (3) adding en- 
zyme-sjmthesized fatty acid hydroperoxide as an activator. 

Reducing the phenol concentration from 500 to 100 ;xM re- 
sulted in an increase in cyclooxygenase activity of the G533A 
mutant fi^m 5.5 to 18.9% converted substrate (Fig. 3A). Like- 
wise, the addition of 15 /xm H2O2 increased the conversion of 
arachidonate from 3.4 to 22% (Fig. 3B). However, changing 
these conditions did not restore cyclooxygenase activity to the 
level observed with an equivalent amount of wild-type mCOX-2 



Table I 

Characterization of Gly'533 mutant cyclooxygenases 
The purity of wild-type and mutant COX-2 proteins was determined 
from Coomassie-stained 7.5% SDS-polyacrylamide gels. Peroxidase ac- 
tivities were analyzed using the guaiacol peroxidase assay, and the 
cyclooxygenase activity initial rates and total product production were 
determined in the manner described under "Experimental Procedures." 
Values are the average of three determinations ± S.E. wt, wild type. 



Construct 


Purity 


Peroxidase 
activity 


Cyclooxygenase 
activity, initial 
rate 


Cyclooxygenase 
activity, total 
products 




% 


% wt mCOX-2 


% wt mCOX-2 


% wt mCOX'2 


wt mCOX-2 


84.3 


100 


100 


100 


G533A 


80.0 


99 ±5 


7.6 ± 0.5 


26.3 ± 0 


G533V 


80.0 


97 ±4 


0 


0 


(J533L 


80.0 


107 ±3 


0 


0 - 



nor did it restore any activity to either G533V or G533L, To 
evaluate whether PGGg could enhance G533A turnover, G533A 
mCOX-2 was incubated with a 13-fold lower concentration of 
Mn-PPIX reconstituted ovine COX-1. Mn-PPDC reconstituted 
ovine COX-1 has fiill cyclooxygenase activity but only 0.8% of 
the peroxidase activity of Fe-PPDC reconstituted COX-1 (23, 
24). Thus, G533A mCOX-2 should be able to use the COX-1- 
derived PGG2 to increase the rate of tyrosyl radical formation 
and cyclooxygenase activity. After subtracting the cyclooxyge- 
nase activity resulting from COX-1 turnover, it was found that 
the G533A activity was equivalent to that observed when 
G533A was incubated with 15 yM H2O2 as an activator.^ These 
results suggest that the reduced cyclooxygenase activity of the 
G533A mutant leads to a slower rate of auto-activation. How- 
ever, even when maximally activated, the cyclooxygenase ac- 
tivity of this mutant is reduced by 80% compared with the 
wild-type eii^me^jand Jie^G533y^and_G^ mutants^are._ 
"coi^letely'inactive. 

Analysis of the arachidonate/sheep COX-1 model suggests 
that the most likely reason for the reduced activity is steric 
hindrance between arachidonate carbon 20 and the introduced 
side chains at position 533. Therefore, the Gly-533 mutants 
were compared with wild-type enzyme for their ability to me- 
tabolize two fatty acids that are substrates for COX-2 but 
contain an abstractable hydrogen closer to the <u-end (q>-5 po- 



' B. 0. Crews, impublished observation. 
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Fig. 3. Increase in cyclooxygenase activity of G533A mCOX.2 
by increasing steady-state peroxide levels. A, reduction in the 
phenol concentration from 500 to 10 im; or B, the addition of 15 mm 
tlaUa- for A, G533A (44 nM) was incubated in 100 mM Tris-HCl pH 8 
with the indicated concentration of phenol and 50 tm ("C] arachidonic 
acid for 5 min at 37 and for B, G533A (44 nM) was incubated with 5 
m [ Clarachidomc acid in 100 mM Tris-HCl. pH 8, containing 500 um 
phenol for 60 s at 37 "C. For both A and B. the reactions were acid- 
extracted with cold termination solution, run on silica thin-layer chro- 
matographic plates, and scanned for radioactive products in the man- 
ner indicated under "^Ixperimental Procedures." Each data point is the 
average of three determinations ± S.E. 

sition). It was predicted that these shorter substrates (Fig, 4) 
would not protrude as far into the top channel, thereby reduc- 
ing the chances of steric clash with the introduced side chain at 
position 533. To obtain maximal rates and extents of Og up- 
take, this study was first performed in the presence of 15 
H2O2 (Table II). All three Gly-533 mutants were able to oxidize 
Knolenic and stearidonic acid. In fact, G533A was more effi- 
cient than wild-type at converting linolenic acid, and both 
G533A and G533V metabolized more linolenic acid on a molar 
basis than did the wild-type enzyme. With stearidonic acid, the 
rate of substrate conversion for G533A was similar to wild-type 
mCOX-2, but it decreased upon increasing the chain length at 
position 533 to valine and leucine. As seen with linolenic add, 
the total turnover was greater with G533A and G533V than 
with wild- type. As a control , incuba tions were perfnmiPd with 
Hnoleic acid, which contains two fewer carbons at the carbox- 
ylate end of the substrate but the same number of carbons as 
arachidonate between its abstractable hydrogen at its o-end. 
None of the Gly-533 mutants oxidized linoleic acid. 

To establish whether exogenously added peroxide was nec- 
essary to obtain maximal cyclooxygenase activity with linolenic 
and stearidonic acid * assays were performed in the absence of 




* Results virtually identical to those seen in Table HI with linolenic 
acid were obtamed with stearidonic add. 



Arachidonic Acid (C20) 

UnolelcAe1d(C18) 

Unolenie Acid (C18) 

Stearidonic Acid (018) 
Fig. 4. Structures of fatty acid substrates of C0X.2. 

H2O2 but were then supplemented with HgOa after 2 min to 
complete the reaction (Tables III). Comparison of wild-type 
mCOX-2 treated with or without 15 ptM H2O2 (Tables II and III) 
showed that the addition of H2O2 had Uttle effect on either the 
rate or the total substrate conversion. The Gly-533 mutants, in 
contrast, showed much more dependence on HgOa, as both the 
rate and amount of substrate converted were reduced in its 
absence. The addition of 15 /im H2O2 to the reaction was able to 
reactivate substrate conversion for the Gly-533 mutants. 

DISCUSSION 

We propose a model for the binding of arachidonic acid in the 
cyclooxygenase active site that is consistent with the chemical 
mandates for its oxidation to PCX52 and with existing informa- 
tion on its interaction with individual protein residues. The 
carboxylate of arachidonate is anchored to Arg-120 and Tyr- 
355 by ionic and hydrogen bonding interactions, respectively 
(Fig. 2). The substrate backbone then projects upward into the 
apex of the cyclooxygenase active site where it bends around • 
the 9,10-single bond into an L-shape. Carbon 13 is positioned 
under Tyr-385 with the 13-pro-5-hydrogen 2.4 A from the phe- 
nolic hydroxyl group. Finally, the w-end of arachidonate ex- 
tends above Ser-530 and Leu-534 into the top channel. Main- 
tenance of this L-shaped conformation is essential for 
generating the dioxobicycloheptane ring of PGGg with the 
pendant alkyl chains oriented trans to each other. Considering 
the chemical steps necessary to generate PGG2 from the per- 
spective of this structural model suggests that the individual 
reactions can occur with minimal motion of the bound interme- 
diates. Furthermore, the model predicts the generation of 
PGG2 with all five stereocenters in the correct absolute config- 
uration, because once the arachidonate is bound as indicated in 
Fig. 2, the only available space through which O2 can approach 
the radical intermediates is through the center of the active 
site channel. Thus, Og approaches the bound fatty acid from 
the opposite side fix)m which the 13-pro-S-hydrogen is re- 
moved. This antarafadal relationship is consistent with the 
stereochemistry of PGGg. 

The key feature of our model is that the a>-end of arachido- 
nate prqjects into an area of the protein we term the top 
channel, which is located above Ser-530 and Leu-534. There 
are two m^'or pieces of experimental information consistent 
with this hypothesis. The first is that introduction of steric bulk 
at position 533 by site-directed mutagenesis significantly re- 
duces or completely abolishes the abihty of the mutant C0X-2s 
to oxidize arachidonic acid. The loss of oxygenase activity is not 

-due-to-a-m^or-stnictural-diange m thiTpWeinsTbec^^ 

peroxidase activity of each of the position 533 mutants is iden- 
tical to that of wild-type enzyme. Likewise, the loss of activity 
IS not due to an inabihty of the mutant proteins to activate the 
cyclooxygenase activity, although activity is stimulated to some 
extent by addition of H2O2. The second piece of experimental 
information consistent with a role for the top channel in arachi- 
donate binding is that all of the position 533 mutants are able 
to oxidize unsaturated fatty add substrates that contain three 
less carbons at their to-end than arachidonate relative to the 
position of the hydrogen abstracted by the tyrosyl radical of 
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Table n 

Activity of HaOg-activated wUd-type and Gly-533 mutants with differeni fatty acid substrates 
Oxygen consumption was measured in the manner described under "Experimental Procedures." Fatty adds (100 ;*m) and HaO, (15 ^am) were 
added to the oxygraph cell followed by hematin-reconstituted enzyme (150 nia). Values are the average of three determinations ± S.E. 

mCOX-2 G533A G533V G533L 

nmo\ arachidonic acid/min/mg 9.6 ± 0.2 0.8 ± 0.1 0 0 

jtM Oa consumed 50.7 ± 0.2 15.3 ± 0.2 0 0 

/xmol linoleic acid/min/mg 5.3 ±0.6 0 0 0 

piM O2 consumed 16.7 ± 0.6 0 0 0 

umol linolenic acid/min/mg 5.0 ± 0.6 6.7 ± 0.6 2.9 ± 0.2 .1.0 ±0.1 

ptM Oo consumed 11.7 ± 0.2 25.0 ± 0.9 19.7 ± 0.2 5.3 ± 0.16 

umol stearidonic acid/min/mg 6.6 ± 0.3 6.2 ± 0.1 2.7 ± 0.1 1.2 ± 0.1 

/iM O2 consumed 15.0 ± 0.5 25.0 ± 0.5 21.2 ± 0.3 10-3 ± 0.2 



Table ni 

Activity of wild-type and Gly-533 mutants with linolenic acid before 

and after HgOz addition 
Oxygen consumption was measured as described under 'Experimen- 
tal Pn)cedures." Linolenic acid (100 hm) and hematin-reconstituted 
enzyme (150 nM) were added to the oxygraph cell, and oxygen consump- 
tion was monitored for 2 min before the addition of HgOg (15 ^). The 
values in the "Oxygen consumption after HjOa" column represent the 
total oxygen consumption by the enzyme. Values are the average of 
three determinations ± S.B. 



Mutant 


Oxygen 
consumption with 
linolenic add 


Rate with 
linolenic add 


Oxygen 
consumption 
after H2O3 


Rate after 




IM 


lunallmintmg 




fimol linolenic 
acid/min/mg 


Wild type 
G533A 
G533V 
G533L 


12.9 ± 0.2 
5.8 ± 0.4 
2.5 ±0 
0 


6.1 ± 0.3 
1.9 ± 0.2 
1.0 ± 0.2 
0 


0 

16.0 ± 0.6 
18.7 ± 0.3 
6.8 ± 0.3 


0 

1.8 ± 0.3 

2.9 ±0.1 
0.6 ±0.1 



Tyr-385. By contrast, the mutants are unable to oxidize linoleic 
acid, which contains two fewer carbons on the carboxyl end 
than arachidonate but the same distance between its ab- 
stractable hydrogen and its o>-end. 

The ability of the Gly-533 mutants to oxidize linolenic and 
stearidonic acids but not arachidonic or linoleic acids estab- 
lishes that the distance between the hydrogen abstracted by 
the tyrosyl radical of Tyr-385 and the a>-end of the fatty acid is 
an important determinant of COX-fatty acid interactions. Po- 
sitioning of fatty acids in the top channel may be as important 
for determining substrate specificity as the positioning of the 
carboxylate adjacent to Arg-120 at the moutii of the channel. 
There appears to be flexibility in the distance from the hydro- 
gen abstracted by Tyr-385 to the carboxylate of the fatty acid, 
especially in the case of COX-2. Substrates with an ab- 
stractable hydrogen at the 11, 13, or 14 carbon from the car- 
boxylate are oxidized by COX-2. Laneuville et at. (25) have 
proposed that the substrate adapts to the accessible space 
between Tyr-385 and Arg-120 by adopting a linear conforma- 
tion (11-carbon length) or a kinked conformation (13- or 14- 
carbon lengths). The extra space in the side pocket off the main 
channel of COX-2 relative to COX-1 may permit the kinking 
required to accommodate different length substrates. 

A corollary of the abiUty of the position 533 mutants to 
oxidize linolenic and stearidonic acid is that the top channel 
does not represent part of an exit route to ttie^p^urface of the_ 
— proteinrAnexamination of theaystal^tructiires of both COX-1 
and COX-2 indicates that the channel around Gly-533 connects 
to another channel that eventually leads to an opening on the 
surface of the protein near the dimer interface (6). Conceivably, 
this opening could represent an exit port through which prod- 
uct escapes the pydooxygenase active site. Indeed, this could be 
an explanation for the inability of sterically blocked mutants 
(e.g. G533V and G533L) to oxidize arachidonic acid. The first 
molecules of PGGj synthesized from arachidonic add would be 
unable to exit and would prevent the binding of additional 



molecules of arachidonic acid into the cyclooxygenase active 
site. However, blocking the exit channel should also prevent 
the release of the products of linolenic acid and stearidonic 
add, thereby stopping turnover. The high activity of the Gly- 
533 mutants toward these carbon 18 fatty acids eliminates the 
possibihty that the top channel is part of an exit route for 
products. 

Our model is consistent with the chemistry of the production 
of P(jG2 from arachidonic acid and with all the currently avail- 
able site-directed mutagenesis results. Thus, it is likely that 
this is the conformation by which COX enzymes convert arachi- 
donic add to its major enzjmaatic product. This conclusion does 
not rule out the possibihty that arachidonate binds in the 
cyclooxygenase active site in alternate conformations. For ex- 
ample, arachidonate is oxygenated to a series of hydroxy adds 
by cydooxygenase including ll.(S)-HETE, 15-(S)-HETE, and 
15-(i?)-HETE (15, 26). The production of 11-(S)-HETE and 15- 
(S)-HETE have, been assumed to result from O2 trapping of 
carbon radicals produced following removal of the 13-pro-S- 
hydrogen. However, 15-(i?)-HETE is produced by aspirin-acety- 
lated COX-2 and is hkely to arise from an alternate conforma- 
tion of arachidonic add (26). Indeed, Xiao et al (27) have 
recently shown that 15-(i?)-HETE also can be made by unac- 
etylated COX-2 at high concentrations of arachidonic acid. 
Thus, 15-{/?)-HETE appears to represent an alternate product 
that results from a less favored substrate conformation. 

AcA/wiyZecfe/nen/s— We thank K, Kozak and D. Goodwin for helpful 
discussions and suggestions. 
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Roles of cox-land CGX.2 

To the Editor: 

Much attention is cuirently devoted to the emerging generation of nons- 
teroidal antiinflammatory drugs (NSAID) that selectively inhibit the 
cyclooxygenase (COX) activity of the inducible isozyme of prostaglandin 
endoperoxide (PGH) synthase, known generally as COX-2. In reviewing 
this exciting area of research. Hawker' and de Brum-Femandes^ elegantly 
remind us that while the notion of selectivity of inhibition of COX-2 is 
highly seductive, there remains considerable uncertainty in defining the 
potential disadvantages that may be inherent with prolonged COX-2 inhi- 
bition. Moreover, a role of COX- 1 (the "constitutive" isozyme) in inflam- 
mation cannot be excluded' \ and special attention must be paid to the pos- 
sible roles of COX-2 in physiological processes' \ Indeed, numerous issues 
will have to be addressed when COX-2 specific agents are submitted for 
clinical assay-. However, we should not forget thai additionally, these new 
NSAID will inherit persisting unresolved issues that relate to currently 
available agents; we must be careful not to carry these forward witii tiiesc 
new compounds! 

First, the current practice of differentiating NSAID through nomencla- 
ture is unacceptable. The names of drugs are often formed by combining 
syllables taken from chemical sources to produce chemical sounding 
names. For example, aza, prop, and one are all well known syllables com- 
bined in azapropazone to produce what is really a nonsense word. To sup- 
plement such names, it is common practice to refer to subsections of the 
entire structure. Thus, indomeihacin has been classified as a 3-indoylacetic 
acid, and more broadly as an arylacetic acid. There are no rules about such 
choices except thai (where possible) the classifier is meant to indicate the 
pan(s) of the structure believed to influence the pharmacological activity. 
Thus, indomeihacin is not classified (as it certainly could be) as a deriva- 
tive of 4-chlorobenzamide or of /7-anisidine merely because there is no cur- 
rent interesl in those substructures. Difficulties, however, arise when nov- 
elty is sought. Thus, for example, the reclassification of etodolac from an 
indole to a pyranocarhoxylate, while confusing, also conveys erroneous 
- impressions when interpreted systematically. It is important that modem 
systematic nomenclature is concerned only with formal structural relations. 
Consequently, it should be noted dial systematic nomenclature, excellent 
for its own purposes when used correctly, cannot automatically provide 
good classifications for subsequent differentiation in clinical practice. That 
is, ihe presence in a structure of specified structural segments cannot be 
used to imply that the compound has certain chemical or pharmacological 
propenies. 



Issues of biodisposition remain unresolved. Although NSAID readily 
enter die central nervous system (CNS) in humans, and for some members 
of Uiis class, at levels that exceed the level of free drug in plasma!*, the rel- 
ative contribution of CNS effects to pain relief is unknown*. Moreover, we 
have very littie understanding of the mechanism(s) of transfer of NSAID 
into die CNS, which may possibly be controlled by active processes, and 
not simply by passive diffusion*. Sirailariy, it is not at aU clear why par- 
enteral administration of NSAID should produce gastric toxicity, since 
transfer of NSAID in clinical use (i.e., acidic) firom plasma into gastric cells 
apparentiy cannot take place according to classical theory of absorption and 
partitioning*-\ However, accumulation of NSAID witiun gastric mucosal 
cells may be accommodated by such theory by using a new model for the 
transfer of weakly acidic (pK 3-5) xenobiotic drugs^ Interestingly, this 
new model predicts that regardless of the degree of selectivity for inhibi- 
tion of COX-2 (die target for preferential inhibitors), even the weakest 
inhibitors of COX- 1 may accumulate within gastric mucosal cells lo levels 
where damage may result. 

Possible paradoxical situations arise over the use of NSAID as we dis- 
cover more about the role of cytokines in die expression of chronic inflam- 
matory disorders. For example, Kumkumian and co-workers* investigated 
the effects of platelet derived growth factor (PDGF) and interleukin I (TL- 
1) upon the regulation of synoviocytes from patients with rheumatoid 
arthritis (RA). They observed that IL-1 inhibited PDGF-stimulated syn- 
oviocyte proliferation, and that exogenous PGE^, a prostaglandin (PC) 
known to be prxxluced in response to IL-l, dramatically inhibited synovio- 
cyte proliferation induced by PDGF. ImportanUy, when these same cells 
were treated witii PDGF and lL-1 in die presence of indomethacin. where- 
as die DNA synOietic response to IL-1 was unaffected, PDGF and IL-l 
operated synergistically to stimulate synoviocyte proliferation. These 
results were confirmed by odier workers (see McCormack 1997* for 
review). Using NIH-3T3 fibroblasts, aspirin pretreaunenl increased both 
the rate and amplitude of PDGF-stimulated PGH synthase mRNA induc- 
tion. Taken togedier, Uiese results suggest that PG negatively modulate 
PDGF-mediated effects upon fibroblast/fibroblast-like synthetic activity. 
Moreover, PG, notably PGD,, PGE,, and PGI,, also inhibit the release of 
PDGF from platelets. Thus, given diat both die platelet and PDGF have 
recentiy been shown to play a key role in the hyperplastic response of syn- 
ovial connective tissue cells in RA, then intervention by NSAID apparent- 
ly poses a dilemma. That is, whereas inhibition of PG synthesis likely 
diminishes pain through an attenuation of peripheral sensitization, para- 
doxically this may result in disinhibilion of both PDGF release, and PDGF- 
mediated synoviocyte proliferation and PGH synthase mRNA induction. 
Faced with diis possible therapeutic dilenuna, it will be interesting to 
observe progress with the novel NSAID lomoxicam (launched 1997), 
which, in addition to potently inhibiting COX activity*, has also been 
shown to dramatically inhibit die release of PDGF from human platelets in 
vitro'. Importantly, diis dose related effect takes place at levels of lomoxi- 
cam that are entirely consistent with levels of free drug in the synovial fluid 
of chronically inflamed joints of patients with either RA or osteoarthritis, 
following single or repeat dosing. The launch of tiiis new NSAID serves 
nicely to illustrate an important point. That is, COX is but one part of the 
inflammatory process. We should view COX-2 selective agents as a step 
forward and not as an alternative generic! 

Despite a plediora of available NSAID. no robust evidence has yet been 
presented in support of the notion that these compounds do not represent a 
single generic. Using metaanalysis, attempts to differentiate individual 
NSAID as analgesics for the management of acute inflammatory pain have 
been hindered by considerable bias and confoundmg••l*•'^ A different situa- _ 
lion may exist>o"wever, with multiple dosing schedules of NSAID in the 
management of chronic inflammatory pain. Longterm use of diese com- 
pounds may provide an opportunity for distinguishing those compounds 
that have effects upon pain/inflammatory mediators, in addition to the ubiq- 
uitous inhibition of COX activity*. 

Drug Research Group, McCormack Limited, 

Lcighton Buzzard, LU7 7AE, United Kingdom. KeiUi McConnack, fud. 
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Dr. de Bnim-Feinandes replies 

To the Editor: 

At the dawn of a new generation of nonsteroidal antiinflammatory drugs 
(NSAID) Dr. McCormack highlights some important, yet unresolved issues 
on the pharmacology of these drugs, and I would like to comment on some 
of the issues he raised. One can only agree that the present classification of 
NSAID is confused, often incorrect from a chemical point of view and, 
most imponani, that grouping according to chemical characteristics does 
not always imply that similar compounds have common pharmacological 
properties. As has often been proposed, classifications based on pharmaco- 
logical characteristics such as half-life or reversibility of cyclooxygenase 
inhibition would be more appropriate since they convey important infor- 
mation to clinicians. 1 also agree that most names of drugs are nonsense 
words. On a practical basis, however. I believe this to be acceptable. As a 
clinician, I would not be comfortable prescribing I -(4-chlorobenzoyl)-5-" 
" methoxy-2-meihyl-lH-indole-3-acetic acid (indomeihacin) several limes a 
day. A very important point that was not approached by Dr. McCormack is 
how to classify these drugs according to their selectivity towards COX- 1 
and COX-2. Several questions remain unanswered, such as how specific 
should a molecule be to offer therapeutical and pharmacological advan- 
tages? From a theoretical point of view the ICj^s for the isoenzymes should 
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be as far as to allow complete inhibition of COX-2 withd^j 
affecting COX-1 activity, implying at least a 100-fold differenocft 
that should be a good starting point in the laboratory, it is 
diet how each isoenzyme will be inhibited in vivo if one takes. ! 
characteristics of drug and isoenzyme distribution. No 
even on how to get to this starting poipt in the laboratory. As 
pointed out', several details can affect the results obtained 
cyclooxygenase inhibition assays; different results can be 
purifled enzymes veisus whole, living cells, or animal versos 1 
zymes; some molecules are time dependent inhibitors and act 
the inhibition is instantaneous or preceded by mcubatiion with 
availability of the cyclooxygenase substrate, arachidoiiic acid, is 
in some assays but not in others; reversibility of the inhibitxoo, 
have important therapeutical consequences, is not always tested, file 
of a standard for cyclooxygenase inhibition assays- severely hanipn 
comparison between different molecules as well as their classiticatioC 
an effort should be made by die scientific conununity and the 
deal industries to settle this issue. ' . 

Dr. McCormack also comments on paradoxical situations that d^y 
with the widespread inhibition of cyclooxygenases. Paradoxes^ 
prostaglandin actions have long been known but never completely; 
stood In bone, for example, PGE, can induce bone formation in low 
stimulate bone resorption in high concentrations'. These situatioos 
our incomplete understanding of the flne mechanisms iiiiplicated.'m'the' 
physiological and pharmacological actions of prostaglandins. These auu^ 
coids act through interaction with speciflc membrane receptors, and p06a| 
bly with some intracellular receptors?. At least one type of i 
described for each natural prostaglandin (for review see Coleman, et al *):^ 
One of these subtypes presents 3 to 7 subtypes generated by alteroauve ' 
splicing, depending on the species. Thus, up to 14 different prostaglandin ^ 
receptors mediating different and even opposed biological effects may the^^ 
oretically exist in a given biological system, bi such a context it is not dif- ; 
flcult to understand why the widespread inhibition of prostaglandin syi^; 
thesis by NSAID may lead to paradoxical situations where the net gain, m 
terms of a therapeutical or pharmacological effect, may be close to none. Il;^ 
is probable tiiat most of these paradoxes will be explained as the distribu- 
tion of prostaglandin receptors and the characterization of the btolo^kl^. 
effects mediated by them on different tissues and cells become known: 
will open the way to more speciflc and target-restricted pharmacological^ 
interventions with the use of speciflc prostaglandin agonists and antago^' 
nists. It is possible to imagine, for example, specific antagonists that wiH 
block the effect of prostaglandins on nociception or vascular permeability 
without affecting the receptors mediating neutrophil immobilization or 
inhibition of PDGF-induced synoviocyte proliferation. COX-2 specific 
inhibitors are today's holy grail, but intervention aimed at specific 
prostaglandin receptors will probably be the next generation of antiinflam- 
matory drugs. Moreover, given the ubiquitous nature of prostaglandins, 
knowledge on receptor distribution will have implications not only for the 
field of inflammation but also on other areas where prostaglandins have 
important biological effects. 

Universite de Sherbrooke. 
Faculty of Medicine. 
Sherbrooke, Quebec J IH 5N4. 

Canada. Artur J. de Brum-Femandes. md. PhD. 
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AssodaJion Between Acquired Free Protein S Deficiency, 
AnticardiolipiB Antibodies, and Thrombotic Events in 
Rheumatoid Arthritis 

To the Editor 

Wc read with great interest the article by Tomds, et al concerning the rela- 
lionship between different natural anticoagulant proteins, antiphospholipid 
antibodies (aPL), and thrombotic events in systemic lupus erythematosus 
(SLE)'. The authors suggest an association between aPL positivity and 
reduced free protein S levels in these patients. Recent reports have con- 
firmed increased concentrations of aPL [e.g.. anticardiolipin antibodies 
(aCL)) in patients with rheumatoid arthritis (RA), resulting in an increased 
risk of different vascular diseases including arterial or venous thromboses 
and vasculitis". In contrast, however, is the recent description of low lev- 
els of free protein S in some patients with aPL suggesting these antibodies 
may be involved in mechanisms causing increased risk of thrombosis*. 

In the light of these observations, we would introduce our experience 
concerning the association of altered free protein S levels, positivity of 
aCL, and thrombotic complications in patients with RA. 

We evaluated levels of total and free protein S. protein C, and 
antiihrombin III in 102 seropositive (IgM riicuraatoid factor, IgM-RF) 
female patients with RA (mean age 53 ± 10 yrs) who were not taking 
steroids, methotrexate, azathioprine, cyclophosphamide, hydroxychloro- 
quine, or other drugs interfering with the hemostatic variables. Seventy- 
four healthy age matched female volunteers (mean age 53 ± 8 yrs) were 
evaluated as controls. 

Protein C and antiihrombin III concentrations were measuitsd by chro- 
mogenic substrates (Kabi; Vitium, Stockholm. Sweden) and total and free 
protein S by an ELISA (Diagnostica Stago. Asniferes, France). Patients in 
the study satisfied the 1987 American Rheumatism Association criteria for 
RA and were treated in our RA clinic, specializing in extraarticular involve- 
ment, a secondary referral center from Gcnova and the surrounding region. 

Patients enrolled had frequent RA complications, such as hypertension, 
venous and arterial thrombosis, and cardiovascular diseases. Patients were 
grouped as "aCL positive" (n = 35; mean age 53 ± H yrs) and "aCL nega- 
tive" (n = 67, mean age 54 ± 9 yrs) depending on aCL positivity. Serum IgG 
and IGM aCL were assayed by ELISA, as described'. 



The combined group of patients with RA was found to have a sigaifii 
canUy higher rate of venous and/or arterial thrombosis compared to con- 
trols (n = 22/102 (22%) vs 3/74 (4%), respectively; p = 0.001 J. In particu- 
lar, tiuombotic events were diagnosed in 34% of aCL positive patients (n = 
12/35, 7 venous, 5 arterial tiirombosis), in 15% of aCL negative patients (n 
= 10/67, all venous tiirombosis), and in only 4% of controls (n = 3/74, all 
venous tiirombosis). Controls witij tiirombosis had had recent articular trau- 
ma. 

Almost all die patients showed significantiy (p = 0.01) lower 6ce pio- 
lein S levels (mean 86 ±21%, range 48-130) compared to controU (mean 
109 ± 23%. range 60-150). Patients, botfi aCL positive and negative, 
showed lower total protein S (mean 99 ± 12%, range 74-130) and pnrtcin 
C levels (mean 102 ± 23%. range 70-132) and higher antitiirombin m con- 
centrations (mean 101 ± 28%. range 78-122) tiian controls (100 ± 21%, 
range 82-130. for protein S, 109 ± 23%. range 60-150 for jprotein C. and 
100 ± 16%, range 80-120 for antitiirombin in). However.'^tiie differences 
were not statistically significant 

The reduction of free protein S levels in aCL positive patients witii RA 
compared to botii aCL negative patients and controls was statistically sig- 
nificant (mean 66 ± 12%, range 48-^8 vs 97 ± 16%. range 65-130 and 109 
± 23%, range 60-150. respectively; p = 0.001 ). No differences in total pro- 
tein S, protein C, and antitiux)rabin lU were detected among tiie gnwps. 

When we analyzed die patients witii a history of tiuombotic events, sig- 
nificantiy lower levels of free protein S were found in aCL positive patients 
compared to aCL negative patients and controls (p = 0.001). 

Patients witii RA witii positive aCL and history of arterial and/or 
venous tiiromboses showed lower levels of ftec protein S compared to 
patients witii positive aCL witiiout history of tiuombosis (p = 0.003) (see 
Table I). Interestingly, free protein S levels in aCL positive patients wirfi 
RA witii arterial tiuombosis were slightiy lower compared to patients witii 
venous tiuombosis (55 ± 4 vs 58 ± 9%); however, tiie difference was not 
statistically significant. 

Further, tiie comparison of tiie mean IgG aCL levels between patients 
witii RA, witii and witiiout tiuomboses was significantiy different (47 ± 3 
vs 31 ± 2 GPL units, respectively; p = 0.01). On tiie otiier hand, tiie differ- 
ence in IgM aCL concentrations between tiie 2 groups of patients was not 
significant (10 ± 2 vs 8 ± 2 MPL units, respectively; p = 0.35). In particu- 
lar, IgG and IgM titers in aCL positive patients witii arterial tiuombosis 
were significantly elevated compared to tiiose witii venous tiirombosis (58 
± 3 GPL units and 1 3 ± 4 MPL units vs 39 ± 2 GPL units and 8 ± I MPL 
units, respectively; p = 0.05). 

Our results seem to agree witii previous observations showing an 



Free Protein S 
{9c of normal) 

Total Protein S 
(%of normal) 

Prot^ri^ 

of normal) 

Antitiirombin III 
(%of normal) 



aCL Positive 
With Without 
Thrombosis Thrombosis 
(n= 12) {n = 23) 



RA 



57 ± 3*' 

(48-76) 

91 ±4 
(74-128) 

__iaL±A 

(78-124) 

96 ±3 
(78-114) 



70 ±2 
(50-88) 
103 ±3 

(89-128) 
102-±.3- 

(70-120) 
I00±3 

(79-118) 



aCL Negative 
Witii Without 
Thrombosis Thrombosis 
(n = 10) (n = 57) 



Controls 



101 ±7 
(68-128) 

103 ±4 
(80-130) 
— H8-± 4 - 
(97-130) 

I00±6 
(80-120) 



96 ±2 
(65-130) 

■ 99± I 
(80-130) 

— I0l-±2- 
(70-132) 
103 ±3 
(82-122) 



WiUi 
Thrombosis 
(n = 3) 



Witiiout 
Thrombosis 
(n = 7I) 



127 ±7 
(120-140) 

107 ±7 
(100-120) 

112 ±8 
(95-120) 

101 ±7 
(80-116) 



109 ±3 
(60-150) 

98 ±4 
(90-J20) 

104 ± 2 
(80-140) 

102 ±3 
(82-120) 
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